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1 
INTRODUC'rION 
The rabbit is an ideal animal to study the problems 
of transplantation for a number of· reasonsi (1) Skin 
grafting experiments in the rabbit ( 18) have revealed that 
the rabbit, like man, is unique in that the major 
histocompatibility locus is not a blood group locus. In. 
all other experimental animals so far tested, only the rabbit 
and the dog have this feature in common with man (JO); 
(2) The rabbit is large enough so that sufficient serum 
and cells may be obtained for studies of individual animals, 
whereas much of the data obtained from mouse experiments 
has required the use of pooled cells and/or serum; (3) The 
rabbit is suitable for surgery (16) and; (4) The genetic 
control of' rabbit serum proteins has been extensively 
studied (43). Hence the relationship, if any, of the rabbit 
lymphocyte allotypes to the allotypes of rabbit IgG-immuno-
globulin, IgA-immunoglobulin, Ighl-immunoglobulin, 2M-macro-
globulin,·: low density lipoproteins and ,:transferrin molecules· 
can readil~r be determined. 
TlLe characterization and chemical isolation of 
the lymphocyto antigens, especially the HL-A antigens, have 
become an t.cti ve field of investigation in the last ten 
years. ( 44). With the actual de line.a ti on of a number of 
lymphocyte isoantigens, and with th,~ concurrent clinical 
'·-~ 
preoccupation with organ transplantation, interest has 
centered on the problem of preventing allograft rejection. 
2 
From the standpoint of making organ transplantation practical, 
much of the research is directed toward obtaining purified 
antigens which might be applicable for the induction of 
tolerance. Studies on the immunochemical characterization 
of the lymphocyte antigens are also important from the 
standpoint of providing information regarding structural 
concepts of the genetic region controlling the synthesis 
of the lymphocyte antigens. 
In this thesis a method is described for the isola-
tion and purification of circulating rabbit lymphocytes 
. 
utilizing a combination and modification of a number of 
known techniques. The teeJ1niques: in'Clude r remova::l, of the vast 
majority of eryt~rocy;tes by an appropriate sedimentation 
agent ( 88).; passage of the white cell-rich supernatant 
through a glass bead column in order to remove glass adhering 
cells such as platelets and granulocytes (64,78 ); and the 
-removal of remaining erythrocytes by a mild red blood cell 
(rbc) lysing agent (1 ). This technique resulted in the 
isolation of up to 52% of the circulating lymphocytes 
from whole blood with little contam:.nation with red blood 
cells or other white cell types. 
S't.idies were next performed to determine whether 
3 
the isolation procedure selected for a particular lymphocyte 
·cell type. Vast evidence has accumulated indicating the 
existence of two lymphocyte types in peripheral blood, the 
bone marrow-derived or B-cell and the thymus-derived or 
T-cell (23). It appears that both cell types are required in 
the immune response (56). Raff has detected surface 
imrnunoglobulins on the B-cell population of circulating 
~ 
lymphocytes in mice by means of indirect immunofluorescence 
but not on T-cells (67). That the isolation technique 
did not specifically select for B or T-derived lymphocytes 
was indicated by utilization of the fluorescent labeled 
anti-IgG immunoglobulin technique as described by Raff 
(65) .. 
Isoantisera were then prepared by deliberate 
immunization with:. purified allogeneic lymphocytes. The 
isoantibodies were identified by a modified Terasaki 
cytotoxicity test (86). Since lymphocytotoxic antisera 
are often"multispecific, two methods were utilized to 
,, 
determine the degree of specificity of the most poten.t 
isoantisera produced. These methods included serological 
typing against a large population of animals and cross-
adsorption ~:tudies.. These studies indicated that the 
cytotoxic ar. tisera in question were nonospecific or nearly 
monospecific. 
4 
After the question of specificity of the antisera 
·was resolved, the phenotypic profiles of the defined 
lymphocyte antigens were determined in 38 rabbits. The 
results indicated the existence of at least one major 
lymphocyte alloantigen locus which controlled at least 
three antigenic determinants. 
The relative concentration of one of ~hese allo-
{ 
antigens (Ly-1) was determined in various organ systems. 
The highest concentration of antigen was found in the spleen 
followed in descending order by the lymph nodes, lung, 
skin, kidney; heart and liver. Erythrocytes and fat cells 
contained little, if any, antigen. In addition, serological 
typing studies. suggested a possible relationship in the 
genetic control of an,tigenic determinants on immunoglobulin 
molecules and lymphocyte alloantigens. However,. the anti-
lymph.ocytt- antisera failed to form any precipi tin arc when 
tested agad~nst :;era from rabbi ts that possessed the respective 
lymphocyte alloantigens in the Ouchterlony test. In addition, 
,. 
anti-immunoglobulin allotype antisera when incubated with 
leukocytes failP.d to destroy any cells as demonstrated 
by the cytotoxir,ity tesx. 
The pu::-poses ·of this study are to immunologically 
define the rabb.:'..t lymphocyte alloantigen system and to 
determine whether it could be used as a ~odel system for 
the study of lymphocyte alloantigens in .nan. A method was 
5 
developed to isolate lymphocytes from the blood of rabbits • 
. These lymphocytes were used to produce a number of cytotoxic 
isoantisera. Subsequently, the isoantisera were utilized 
to obtain the relative distribution of the lymphocyte 
alloantigen(s) in a rabbit population as well as their 
re la ti ve concentration in various organs. F'ina,lly, the 
relationship of these lymphocyte alloantigens to immunoglobulin 
~ . 
allotypes was investigated. 
/ 
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LITERATURE REVIEW 
r Methods for Isolation of Lymphocytes 
Numerous methods have been developed for the isolation 
of human lymphocytes from peripheral blood. The vast majority 
of these separation techniques rely on the physical character-
istics of the cells such as adherence properties (31), size 
(63), density sedimentation rate (78), phagoeytic activity 
( 48), or the electrophoretic mobility ( 95). 
The physical properties of the cells usually 
determine the experimental design of choice. In addition, 
one must consider the ultimate use to which the purified 
cell population is to be put. In this study, purified 
lymphocy;tes were required for isoimmunization between 
various rabbit strains. The techniques.used to provide 
lymphocytes to be used for this purpose should meet the 
following criteria1 1) a sufficient number of lymphocytes 
must be obtained to insure a representative p~pulation; 
2) little; if any, contamination by oth~r cell types should 
occur, and; J) maximum viability of lymphocytes should be 
.. 
retained. 
A combina·tion of techniques were utilized to take 
advantage of differer.ces both in sedimentation properties 
and adhesive properties of rabbit blood cells. Rbc and 
granulocytes removed by density sedimentation with an 
.appropriate gelatin and by subsequent passage of the cell 
preparations through glass bead columns. Rbc, which have a 
specific gravity of 1.092 sediment more rapidly than 
leukocytes which have a specific gravity of 1.065 (73). 
After incubation of heparinized blood with an appropriate 
sedimentation fluid, erythrocytes are found to sediment 
~ . 
to the lower one-third of the test tube while approximately 
75% of the leukocytes are found in the top two-thirds 
of the tube (64). More than 95% of the lymphocytes can 
be shoym to be viable in all of the examined systems as 
observed by exclusion of trypan blue dye (62). 
7 
In contrast to sedimentation, adherence depends on 
the meta.bolic acti vi t;r of the cell, and in addition requires 
the presence of calcium and magnesium. This adherence 
effect has been exploited by running blood cells through 
glass bead, glass wool or nylon columns, which retain 
granulocytes and platelets but allow lymphoc~/tes. to pass 
through (j1). Following passage through glass bead columns, 
approximately 70-80% of the lympho6ytes originally placed 
in the columns can b.~ recovered, while 80% of the recovered 
lymphocytes remain viablE\) ( 78). 
II Methods for the D<~tection of Lymphocyte Isoanti bodies 
Once lyrnphoc:ytes are prepared and used for isoimmun-
I 
izations a number of techniques are currently available 
for detection of the anti-lymphocyte antibodies. The three 
most commonly utilized techniques include platelet or 
leukocyte complement fixation (So),·leu~oagglutination 
(14), and cytotoxicity testing (86). 
Complement fixation tests have been primarily 
applied to studies in which antisera against platelets 
are tested and only rarely employed when t~e antisera 
against lymphocytes are tested. Complement fixation is the 
least sensitive albeit one of the most quantitative techni-
ques for measuring histocompatibility antibodies. The test 
can detect high-titered antibodies which, under these 
conditions are apt to behave as if they are monospecific. 
Although the reproducibility of positive leukoagg-
lutination tests is 95%. the reproducibility of negative 
tests is only 66% ( 14). The major difficulty encountered 
• 
with the leukoaggll~tination te$t is nonspecific clumping. 
'l'his occurs as a result of a number of factors such as the 
increasea adhesiveness of the cells due to gelatin which 
/ 
is u~ed in the isolation procedure, adherence of the leuko-
cytes to microscop~c debris and variation of leukocyte 
stability in blood samples drawn at various times. Certain 
physiologic states such as mild excercise er overeating may 
lead to reduction -~n leukocyte reactivity a.nd to false 
8 
, . 
. ,. 
9 
negatives, whereas excessive exercise leads to false positives 
. ( 93). 
Cytotoxicity methods for detection of lymphocyte 
antibodies were first applied by Terasaki and McClelland (86). 
In this test, lymphocytes are obtained from heparinized 
or defibrinated blood. The cells are incubated in an excess 
of immune sera. The cell-antisera mixtures are centrifuged 
4 . 
in a tube or allowed to settle in the well under oil. The 
cells attach to the glass bottom of the well and this 
allows the cells to be brought from a volume to a plane 
surface so that the test can be read. In the cytotoxicity 
test the percentage of damaged cells increases as the cell 
concentration is dec:rreased in the presence of a constant 
amount of antibody and complement (12). For this reason 
all tests, including negative controls, should be run in 
triplicate. The tests are usually read by adding a dye 
,..?-~-
such as eosin-Y or trypan blue (87). Viable cells.remain 
unstained while nonviable cells take up the dye which is 
presumably an indication that they have;been damaged 
by antibody-complement reaction. 
Although Terasaki's microcytotoxicity test is 
currently the most accur~te, reproducibility :.s still no 
greater than 90 or 95%. This is primarily due to the 
time factor involved :~n the reading of th.e teEt. Since 
a number of factors cause lysis of cells when viewed under 
·a microscope, insufficient time exists to perform complete 
10 
cell counts; instead, only partial cell counts (20-30 cells) 
or subjective readings are made. 
III The Major Histocompatibility Antigens in Various Species 
Substantial evidence has accumulated in recent 
years that the alloantigens found on circulating lymphocytes 
are also histocompatibility antigens ( 77). Histocompatibility 
antigens are responsible for the immunological response 
against transplanted grafts. This rejection phenomenon 
is due to the antigenic variation of' these· histocompatibility 
antigens within individuals of a particular species which 
results in an immunological response. 
A comprehensive review of the major histcompatibility 
antigens in different species would be much·too lengthy to 
discuss in this thesis. Instead, a brief review 7.imi ting 
the discussion to pertinent aspects of lymphocyte antigens 
will be presented. The prima·ry- goal in- this· discuss-ion 
; 
is to indicate the basic similarities and differences 
in both the control and expression of lymphocyte antigens 
.Ln the various species which have been studied as a model 
:;ystem for man. Secondly, the significance of elucidating 
-.~he histocompatibility sy.stem of the rabbit will he discussed 
\1ith respect to the use of the rabbit system as a model system 
r 
11 
to study man. 
A The Human Lymphocyte Antigen (HL-A) System 
In man, the majority of established lymphocyte 
alloantigens are known to form a single complex, designated 
as HL-A. The HL-A specificities segregate as units in 
family studies. The HL-A system, like the animal systems 
to be described later reveals extensive polymorphism, 
multiple allelism, cross-reacting antibodies and possible 
gene interactions. 
The HL-A system was first demonstrated by Payne 
who detected the presence:: of leukocyte isoanti bodies in 
sera from pregnant women (59). These isoantibodies 
identified an allelic pair of antigens which were designated 
LA-1 and LA-2. Dausset demonstrated the existence of an 
antigen on leukocytes which was subsequently designated Mac 
( 20). During the first t.alf of the· 1960' s, numer :.>us antigens 
belonging to the same system were described (51). Among the 
most ambftious investigators were van R,ood who id·entified 
over fourteen antigens ar.d Dausset who described ten 
leukocyte antigens, chara.cterized by a very high frequency 
of positive and negative association with one another 
( 21'22 t 69}. ' 
In order to alleviate the dilemma which occurred 
. .,.hen identical antigens w2re given more than one designation, 
12 
a group of the leading workers met and compared the reactions 
.of their antisera against a defined cell panel ( 13). It 
was at this international workshop that a uniform notation 
and the term HL-A was adopted. 
Data obtained as a result of this workshop and 
from later studies which utilized operationally monospecific 
antisera ( 1~ revealed that the major leukocyte antigens 
' ' 
were determined by two closely linked loci at a single 
chromosomal region. The two genetic regions are referred to 
as the LA and 4 subloci or more commonly the ls.t and 2nd 
series. Preliminary evidence has indicated the existence 
of a third subloci (85). 
The 1st and 2nd series have subsequently been found 
to be responsible for a set of mutually exclusive alleles. 
The evidence to support.this is as follows: first, each 
individual tested contains only four of the major antigenic 
determinants, two from each parent; secondly, the genetic 
information for two of these antigenic determinants 
segregate independently from the corresponding haplotype. 
'l'here are 11 and 16 alleltrn in the 1st and 2nd series 
respectively (51). It has been estimated that 2% of the genes 
j n the 1st series and 6% •if the genes in the 2nd series are 
cs yet unidentified ( 22). Taking these genes into account, 
jt is possible to generate 127 different HL-A haplJtypes in 
the general population wh~ch, in various combinations, 
r 
I 1J 
could be expressed as some 8,000 different genotypes (44). 
Since the synthesis of human histocompatibility 
antigens is under the control of a multiple allelic system, 
it is essential that monospecific reagents be used to 
determine the complexities of the system. It is, however, 
very difficult to obtain such monospecific antiserum. Much 
of the antisera is obtained from multiply transfused 
4 . 
individuals and these antisera are usually very polyspecific. 
Somewhat more specific antisera can be obtained from multi-
parous women, in which case it is assumed that these women · 
were immunized by the leukocytes of the fetus which express 
the HL-A haplotype of the father. It is possible to produce 
lymphocytotoxic antisera of narrow specificity in man and 
various animals by selective immunization and/or skin grafts 
followed by selective adsorption (89). Monospecificity for 
the antiserum can then be established either by showing that 
the antisera can be completely adsorbed by all cells in a 
test panel in cross adsorption studies or by showing that 
the sera'react in a similar way with a known cell panel (93). 
The ideal situation is, of course, to utilize both methods. 
In general, it is very difficult to prove that two 
antisera are completely identical and it is often neces:::;ary 
to compare the results obtained by typing with individual 
reagents. To demonstrate that the two antisera are, in fact, 
14 
similar, the two antisera are usually first typed against 
the same panel of cells and coefficients of correlation are 
determined (60). It should be apparent, therefore, that 
present methods to describe the HL-A system are often 
inadequate since they are based on studies which have utilized 
antisera which may be neither monospecific nor. identical in 
reactivity. 
Studies of the relative distribution of alloantigens 
on human organs have been hampered due to a limited supply 
of operationally monospecific antisera. However, through 
the combined studies of a number of investigators it has 
been surmized that the HL-A antigens may be present on all 
tissues except erythrocytes. Operationally monospecific 
antisera has been used in adsorption studies to demonstrate 
the presence of HL-A antigens on_ plate·lets, placenta, 
kidney and spleen (70). Berah has shown that the HL-A2 
antigen is present on the spleen in highest concentration 
followed in order by lung, liver, intestine, kidney and 
.. 
heart. No HL-A2 antigen could be demon.str~:t;ed in the brain 
< 7 L .. 
ll Experimental Animals Wh . :..ch Have Been Used as a N_odel 
System for the Study of Lymphocyte Antigens in Nan 
1) B System of Chickenq 
The major histocompatibility system in chickens is 
r 
1,5 
referre.d to as the B system and was originally found on 
chicken rbc (52). Through utilization of the lymphoagglut-
ination technique with anti-B antisera, the antigen 
was also found to be present on cfrculating lymphocytes 
(74). The B system is a highly polymorphic irnmunogenetic 
system composed of at least 12 alleles controlled by one 
genetic locus (52). The system.is further complicated 
by the fact that each allele produces a numl.)er of serological 
specificities, presently referred to as antigens. That the 
B system is highly polymorphic is evidenced by the fact 
that no two distinct chicken breeds have been fo_und which 
possess the same antigen. Moreover, in non-inbred popl.llations, 
no two identical individuals have been found (38). 
Alloantisera obtained by cross-immunization with leukocytes 
or lymphocytes have been found to be extremely polyspecific. 
Adsorption of the antisera with randomly chosen cells 
decreased the activity of the antisera but did not totally 
remove all antibody activity (38). 
2} H-1 of Rats 
Cross-adsorption and typing studies with an.ti-
allotype antisera have reveal@d the existence of a major 
histo::ompati bili ty system in 1·ats controlled by a single 
locus. This system has been c.esignated H-1 by Stark ( 83), 
and At;-B by Palm ( 58). The H-1 locus has been found t(I 
consist of 9 alleles which produce a total of 21 different 
antigenic specificities. The number of antigenic 
specificities produced by each individual allele ranges 
between 4 and 10. Like the majority of histocompatibility 
systems from other species, the antigens were detected on 
erythrocytes. The histocompatibility antigens were later 
demonstrated to be _found on lymphocytes by utilization 
of the lymphocyte cytotoxicity test (8J) • 
.J) Histoeompatibility in the Dog 
To demonstrate the occurrence of lymphocyte 
alloantigens in dogs, an approach similar to that used 
in ht-.rnans has been utilized. Cytotoxic antisera were 
16 
produced by injection of allogeneic lymphocytes and two 
alloantigens were subsequently identified (17). The 
distribution of these two antigens in various dog populations 
I 
indicates the existence of one major lymphocyte antigen 
~ 
system. Compatibility for th(~ two antigens correlated' 
with skin graft survival. However, as in humans, the blood 
group locus in dogs is not part of the histocompatibility 
locus (JO). 
' 
4) H-2 of Mice 
The most widely stud:~ed histcompati bili ty system 
is the H-2 complex in mice. ~~he H-2 system was originally 
disca~ered by Gorer (J4) while working with four blood 
r 
r 
group antigens in inbred strains of mice. One of these 
.erythrocyte antigens was found to be on numerous tissues 
and was partially responsible for transplanted tumor 
-
rejection (35). These widely distributed antigens were 
17 
later designated H-2 antigens and were found to be controlled 
by a gene complex located on the 9th linkage g:r;oup ( 36). 
' 
This gene complex appears to consist of two loci designated 
H-ZK ( 81). 4 H-2D and 
In inbred strains Of mice it has been shown that 
there are at least 21 distinct chromosomes. The H-2K 
region has at least 10 alleles while the H-2D region has 
at least 11 unique alleles." In wild mice 30 chromosomes, 
alleles of which are not yet assigned to either the D 
locus or K locus, have been determined ( 47). These 30 
chromosomes found in wild mice are distinct from the 21 
chromosome:.; found in inbred strains resulting in a total 
of at least 51 distinct chromosomes. 
When tested with monospecific antisera against 
H-2 antige·ns of' inbred strains, the wild mice were shown to 
possens antigens which can be divided into two classes, 
private and public (45). Private H-2 antigens occur 
with very low frequency in the local populations of wild 
mice. The public antigens, in contrast, occµr with hig-h 
freque11cy both in wild mice and inbred strains. Prelirrinary 
18 
evidence indicates that typing for the private H-2· antigens 
will allow for the detection of at least an additional 20 
chromosomes. Thus, studies of wild mice indicates a complex-
ity of the H-2 system which far exceeds the complexity of 
other serological systems. 
It has been approximated that there are 500 genes 
separating the H-2K locus from the H-2D locus (47). Four 
. ~ 
of these genes have already been determined and include 
the Ss-Slp, Ir-IgA, Ir-IgG and the Ir-1 genes. The Ss gene 
is responsible for the concentration of a particular 
-globulin in the serum. The Slp gene, which is functional 
only in male mice, controls the levels in sBra of a closely 
related serum protein (79). The Ss gene is important in the 
study of the immunogenetics of the H-2 system because it 
can be used as a marker to divide the K or left hand region 
from the D or right hand region. 
In the mouse, as well as in other species, a 
large number of· immune response (Ir) genes exist which 
play an.important role in the activation of immune responses 
to various antigens ( 6'}1. Most. of thesE: Ir genes appear 
to be linked to histocompatibility genes. The first of 
the immune response genes discovered wai:: the PPL gene in 
guinea pigs! which is required for the immunological 
response to poly-L-lysine (49). A large number of Ir genes 
r 
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have since been found in mice linked to the H-2 complex ( 6 ). 
A locu&.designated the Ir-IgA locus, controls the 
immune response to allotypes on IgA-immuncglobulins while 
a closely linked but separate locus, designated the Ir-IgG 
locus, controls the immune response to allotypes present on 
IgG-immunoglobulin molecules in mice (50). The Ir-IgA and 
Ir-IgG genes are associated only with the H-2b and H-2a 
~ 
alleles, respectively. Reisfield has suggested that the 
genes controlling the synthesis of H-2 and Ig.A allotypic 
determinants are linked ( 68). A third gene, designated 
Ir-1, has been shown to control the immunological response 
to va:rrious synthetic polypeptides ( 6 ) • The Ir-IgA, Ir-IgG, 
and Ir-1 genes are all located between the H-2K and H-2D 
loci ( 6 ) • 
Histocompatibility antigens are important because 
they play a primary role in the immunological ~esponse 
to organ transplantation. This immunological response 
is due to a combination of their allotypy and ubiquitous 
distri bu ti on in the body of an individual. It is, therefore, 
important in regards to trans·plantation studies to determine 
the relative distribution of these antigens on various 
organs in repre·3entative individuals. Various qualitative 
bioassay proced11res have shown that the H-2 antigens are 
present on most, if not all, of the tissues and organs 
of the mouse including erythrocytes ·( 55). Su ::>sequent 
studies have revealeJ large differneces in the amounts 
of H-2 antigens in vurious tissues and organs ( .J ,}9) .. , 
These investigations, however, were not always 
I 
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conducted using oper&tionally monospecific antiserum against 
known alleles of both the H-2d and H-2k loci, nor were 
the same methods of testing utilized. For example, 
Pizarro tested various mouse· organs for the presence of H-2 
antigens by agglutination and was only able to place them 
into three groups (61). The first group contained the 
largest quantity of antigen and included spleen and liver. 
The second group contained an intermediate quantity of 
histocompatibility antigen and included kidney and skin. 
The third group, consisting of testes, muscle and brain, 
contained little, if any, antigen. In a more recent 
. . 
study in which operationally monospecific antiserum were 
utilized, Heberman has confirmed that all of the H-2 antigens 
tested in various organs showed a similar pattern of 
distribution ( 39). The H-2 antigens were found. in the highest 
concentration in spleen followed by liver, lymph nodes, 
lung, kidney, and skeletal muscle in descending order. 
No detectable amount of any H-2 antigen was found in the 
brain or fat. 
... .. 
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5) Rhesus Mor.§eys 
Balner and DersjaDt ( 2 ) have utilized anti-allotype 
antiserum produced by random immunization to identify, five 
alloantigens in Rhesus monkeys. Mating studies have indicated 
that these 5 alloantigens are alleles at a single locus. Skin 
grafting experiments have indicated that these all.oantigens 
are responsible for tissue rejection and they have thus 
been termed histocompatibility antigens. 
Bogden ( 9, 10, 11 ) has produced a large spectrum of 
"leukocyte typing" reagents in the Rhesus monkey by isoimmun-
ization with allogeneic leukocytes. Several of. these 
reagents appeared to be monospecific as shown by extensive 
cross-adsorption studies; however, the vast majority of 
these reagents were polyspecific. Although 12 unique 
antisera were identified, a number of animals in the popula-
~ 
tion tested did not react with any of the leukocyte antisera. 
Bogden and Gray have shown the presence of the antigens 
determined by the anti-leukocyte antisera on lymphocyte 
membranes and erythrocytes of the monkey. 
Like Balner, Rogentine (72) recently identified 
five alloantigens in Rhesus monkeys. However, Rogentine•s 
results indicate that the 5 alloantigens behave as a part 
of a single genetic system that can be subdivided into two 
closely linked segregated series. 
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6) Other Jllammalian Species 
In addition to the animals previously discussed, 
limited studies have been undertaken of the histocompatib-
ility systems in the guinea pig, hamster, cattle and swine. 
The major histocompatibility system in these animals has -
been shown to be characterized by extensive genetic 
polymorphism (40). Moreover, the major histocompatibility 
antigens in each of these species have been shown to be 
part of the major blood group system ( 5, 90 ) • The elucida-
tion of histocompatibility systems in both guinea pigs 
and ha~sters have been hampered due to the inability to 
evoke a strong immunological response when attempting 
to produce cytotoxic antisera against the lymphocyte 
alloantigens (40). 
7) Histocompatibility in the Rabbit 
., 
Only recently has the interest initiated by 
Medawar (54) concerning the immunogenetics of transplantation 
in the rabbit been renewed. Demant (24) has used ra:.ndom 
skin allografts on rabbits to produce a number of alloimmune 
sera as shown by cytotoxic tests on a panel of rabbit cells. 
Sera which reacted similarly were grouped and seven antigens 
were thus determined. The distribution pattern in the panel 
of cells tested indicated the existence of a major histocom-
patibility locus. In addition, Demant (25) found longer 
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survival time o:f maternal versus paternal skin grafts 
in newborn rabbits. Compatibility f0r the defined specificit-
ies correlated v.·i th prolonged survival of maternal skin 
grafts, while acceler,ated rejection was observed if! incompat-
able donors. 
Black ( 8 ) has prepared a panel of isoantisera 
by injecting allogeneic -ra.bbi t spleen cells in adjavant 
into rabbits. Most of the antisera were of narrow specificity 
and appeared to demonstrate antigens at one genetic locus. 
There were at least three alleles which could occupy 
this locus. Skin graft survival appeared to be correlated 
with compatibility for the described specificities. 
A partially inbred colony of rabbits was used by 
Tissot and Cohen (88) to produce a large number of cytotoxic 
antisera. Multiple skin allografts were performed between 
; 
allogeneic rabbits. The antisera produced detected 
antigens cont~olled by a single genetic locus. This locus, 
which controls a complex series of antigens, has been 
designated the RL-A locus and is probably the same locus 
described by Black ( 8 ) . 
Although the RL-A locus appears to be the major 
histocompatibility locus in the rabbit, data presented 
by Tissot and Cohen (88) indicates that other minor loci 
are also involved in skin graft rejection. Since their 
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r ~ f attempts to produce monospecific antisera by specific 
adsorption were not successful and since a large number 
of identical an·tisera exist, they suggested that these 
antisera may be already monospecific. No attempts !!ere 
made to quantitate the number of alleles controlled by the 
RL-A locus sincf~ the rabbi ts used in Tissot• s colony 
were inbred and did not represent a true random population. 
IV Concluding Remarks 
It is apparent then, in all of the histocom-
patibili ty systems studied, the number of histocompatibility 
loci and the corresponding humber of alleles which can be 
detected are determined and limited by the experimental 
approach and general definitions utilized by the particular 
investigator(s). For example, not only do the methods 
' . for producing and defining cytotoxic antisera vary but there 
are also numerous methods used to determine positive and 
negative reactors once the antiserum has been produced. 
For as yet undetermined reasons, the methods used to test 
isoantisera against positive· and negative reacting cells 
(e.g., lymphoagglutination and cytotoxicity tests) seldom 
result in identical patterns. In addition, terms such as 
alleles, antigens and specificities have never been well 
defined. Even with these obstacles, however, several 
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generalities can be observed. First, in a.11 animals studied 
to date, there appears to exist reore than one histocompatibil-
ity system; however, only one of these ev0kes a strong 
" 
immunological response as a result of isoimmunization. This 
particular systen has been designated the "major histocom-
pati bili ty system .. (MHS). Secondly, in all MHS SQ far studied, 
the system was f0und to be highly complex and polymorphic. 
The final point that deserves mentioning is the fact that, 
in most species, the major histocompatibility locus is 
found to be a blood group locus. Only in the rabbit, dog 
and human is the primary blood group system distinct from 
the MHS. 
' l 
' ; .. 
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MATERIALS AND METHODS 
Rabbitss 
Rabbi ts used in these studies vnre obtained 
~ 
from severa:i sources. Fift-een of the rabbi ts were :obtained 
from Dr. Sheldor. Dray at the Uidversi ty of Illinois in 
Chicago. These rabbi ts were progeny f.rom crosses .of .closed 
• 
colonies of Flemish giants ru:id New Zealand Whites (FG/NZW), 
I 
originally obtained from the National Institute of Health. 
Five ACEP and 4 C Race rabbits obtained from Bar Harbor, 
Maine, were also utilized. In addition, 22 rabbits were 
purchased from bre.eders in the Chicago a:cea. These were 
all New Zealand Whites (NZW). All of the rabbits used 
were female. 
Barbital Buffer: 
The barbital buffer (pH 7.3) utilized in the 
isolation procedure was a general physiological buffer 
of the following composition: 8.5 g NaCl; 0.028 g CaC12 ; 
0.185 g sodium barbital; 0.575 g diethyl barbituate and 
o.668 g MgC12 in 1 liter of distilled water. 
Tris-NH4Cl (TAC) Buffer: 
The TAC buff er was made by mixing 9 parts NH4Cl 
(8.3 g/l) with 1 part Tris (hydroxymethyl) aminomethane 
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(Tris) (20.6 g/l). The Tris was adjusted to pH 7.2-7.4 with 
1N HCl prior to the addition of the NH4Cl. 
:erypan Blue: 
Trypan blue {Allied Chemical) was utilized :.a:s an 
indicator dye in the cytotoxicity test. Four ml of a 
o.4% aqueous ~olution of trypan blue was mixed -before use 
with 1 ml of a fivefold concentrated Hank's Balanced Salt 
Solution (Grand Island Biological Company). 
Columns: 
The columns used in the purification of lymphocytes 
were 10 ml disposable serological glass pipets (Kimble 
Products) that measured JO cm in length by 1 cm in dlameter. 
A column of this size was found to be satisfactory for the 
application and retention of up to 5 ml of cell suspension. 
The columns were packed about 75% full with 
siliconized gl~ss beads (Type 100-5005. JM Co.). A thin 
layer of commercially siliconized glass wool (Analabs) 
was used for the bottom layer to prevent loss of glass 
beads. A piece of rubber tubing with a clamp was fitted 
tightly over the bottom of the pipet and used as a means 
of controlling flow rate. 
]?repar.ation of Glasswar~s 
Glass beads were washed ·with concentrated nitric 
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acid .followed by exhaustive tap and-distilled water rinses. 
All glassware including columns and glass beads were 
siliconized with siliclad (Clay-Adams Inc.) (64). 
Siliconizing prevented non-specific adherence of the cells 
, 
to tha glass. 
Colle~tion of Blood: 
_/ 
When attempting to· produce purified lymphocytes, 
a total of JO ml of' blood was collected from the marginal 
ear vein of a rabbit into three 15 ml test tubes, each 
containing 150 units of heparin in 0.15 ml physiological 
saline (Sigma Chemical Co.). The tubes were then mixed 
for 10 min. to disperse the anticoagulant. 
Cell Counts& 
Prior to use of purification methods, the total 
cell counts were determined. All cell counts were performed 
on a Coulter Counter "Model S" (Coulter Electronics Inc.). 
In addition, smears of the cell preparations obtained 
following each step in the purification procedure were 
stained with Wright's stain and checked for cell types 
present under oil immersion. 
Methods for Rbc Sedimentationi 
I Pig Skin Gelatin: 
A modification of the method described by Tissot 
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f and Coh(m ( 88) was utilized. In this· technique, 30 ml 
f:· 
r Of heparinized blood was wa.rmed 'tO J7 C and mixed with 
12 ml o~' 3% pig skin gelatin in ;>hysiological saline. 'J?he 
tubes were then placed in a 37 C waterbath at a 45 degree 
, 
angle. After 20 to 30 min. of settling, the white ci~ll­
rich supernatant was harvested with a Pasteur pipet, pooled 
and centrifuged at 2000 RPM for 10 min. (Sorvall, GLC-1) 
and the supernatant discarded-. 
II Pla13!!!§.gel1 
The blood was mixed with one-third volume of 
plasma.gel and allowed to stand at room temperature for 30 
to 4·5 min. as described by Amos ( 1 ) • The plasmagel solution 
(Labatoire Roger Bellon, Neuilly, France) was composed of 
3.0 g of modified gelatin fluid, 0.7 g NaCl and 0.2 g CaClz 
in 100 ml of dis~illed water. Following sedimentation of the 
erythrocytes, the supernatant and buffy coat were removed 
and centrifuged to obtain a cell button as in Method I. 
III Dextran: 
Dextrans (Pharmacia) possessing molecular weights of 
150,000, 250,000, and 500,000 were tested as sedimentation 
agents (64). The technique employed was similar to that 
described for pig skin gelatin. Sedimentation of cells 
~as allowed to continue until the erythrocytes had settled 
JO 
to thH lower one-third of the test tube and the leukocytes 
were then harvested by a Pasteur pipet. 
Each of the sedimentaUon agents (pig skin gelatin, 
plasmagel and dextran) were tested at a concentration 
, 
of 1.), J, 0, and 5. 0%. Three percent pig skin gelatin 
was eventually chosen for use in the isolation procedure. 
The Columns: 
The leukocyte-rich button obtained following the 
sedimentation procedure was resuspended in 0.5 ml of 
barbital buffer and passed through a 'dry' glass. bead column. 
The si.;spension was forced into the column by means of an 
air pump and the column was sealed at the bottom end with a 
clamped rubber tube. The column was incubated at 37 C for JO 
min. and the cells were eluted with 5 ml of barbital 
buffer warmed to~.37 C. The barbital buffer was forced through 
the column at a flow rate of 1 ml per JO seconds. The 
I 
eluant was collected and centrifuged for 5 min. at 1,000 
RPM, (GLC-1, Sorvall) to obtain a cell button. 
Methods for the Removal of Contaminating Rbca 
I Distilled Water 
In this method (94), the lymphocyte-rich cell button 
obtained following column passage was resuspended in 2 ml 
of isotonic saline at 4 C. In order to lyse the contaminating 
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eryttrocytes, 5 ml of cold di3tilled water was added 
rapidly. This hypotonic suspension was agitated for )0 sec. 
and i sotonici ty was restored by the addition of 1. 5 mJ.-
of cold, 4 C, fivefold concentrated Hank's Balanced Salt 
Solution. The cells were ccn~rifuged at a low speed 
( 1, 000 RPM, GLC-1, Sorvall) t·:) remove cell ghosts and the 
~ 
cells were re~uspended in 1 ml of barbital buffer. 
II TAC Buffer: 
As previously described by Amos et al. ( 1 ) , 6 ml 
of TAC buffer, previously warmed to 37 C, was added to 
the cell button obtained following column passage and the 
tube was shaken vigorously in a 37 C water bath for 4 
minutes. The lymphocyte suspension was centrifuged at low 
speed at room temperature to remove erythrocyte stroma 
( 1, 000 RPM, GLC-"1., Sorvall). The procedure was repeated 
using 4 ml of .TAC buff er or until no rbc remained as 
observed microscopically. After the rbc were removed, the 
lymphocytes were resuspended in 1 ml of barbital buffer. 
III 0.1 N HCl 
/ The cell button was resuspended in J ml of barbital -
buffer. Seven ml of 0.1 N HCl was added to the suspension 
and the tube was shaken gently for JO seconds. Then 
1.1 ml of a ten-fold concentrated Hank's Balanced Salt 
r 
Solution was added drop w:.se while the tube was sh.l.ken 
constantly. The solution was centrifuged at a low speed 
J2 
{ 1, 000 RPM, GLC-1, SorvaL._) to remove stroma and the lymphocyte 
button was resuspendeg in 1 ml of barbital buffer. 
1·.nmunofluorescent Staining of L:y]lQhocyte Populqtion: 
Fluoresc.ein labeJ.ed goat anti-rabbit antiserum 
was obtained from Dr. c. F. Lange at Loyola University 
Medical Center, Maywood, Illinois. The antiserum was tested 
for specificity by immunoelectophoresis (IEP) with normal 
rabbit serum as antigen and goat anti-rabbit whole antiserum 
as the control. IEP platC:s consisted .of L 5~~ N.oble agar 
in 0.05 M barbital buffer at pH 8.6. The running buffer 
was 0.05 M barbital buffer pH 8.6. Immunoelectrophoresis 
revealed a strong band in the IgG region and a weak band 
in the IgM region. 
Cell fractions were prepared from 40 ml of 
heparinized blood prior to and following passage through 
a glass column (as described under the section entitled 
"Columns" in Materials and·Methods). Aliquots of each 
fraction were smeared on two glass slides and both of the 
slides were stained by the Wright's method. The remainder 
of the aliquot from the fractions were treated with TAC 
buffer in order to lyse the contaminating erythrocytes 
and washed twice in oxoid barbital buffer. To the washed 
r 
JJ 
·~ell suspensions, each of' which contained approxinately 
j.O x 104 lymphocytes in 0.025 ml, was added 0.025 ml of 
fluorescein labeled goat anti-rabbit IgG/IgM anti3erum: The 
cell mixture was incubated for JO min. at J7 C, washed 
; 
three times with 1 ml of barbital buffer and resu3pended 
in 0.05 ml of the same bttffer. A drop of the cell suspension 
was placed on a glass slide, covered with a cover glass, and 
then the cover glass was sealed to the slide with paraffin 
( 65). The slides were examined immediately with an A. o. 
Spencer Fluorescent microscope equipped with an Osram HBO 
200 high-pressure mercury lamp and a dark-field condenser 
for immersion oil. 
Although the immunization schedule varied slightly, 
all animals req~ired multiple injections of lymphocytes 
before an antibody response was detected as determined by 
the cytotoxicity test. Each injection consisted of approx-
imately 4.0 x 107 lymphocytes. In the primary injection, 
the lymphocytes were inco+porated into Freund's complete 
adjuvant and injected intradermally into the back of the 
necks of the recipients. A second or booster injection 
was given· two weeks after the initial injection. For the 
second injection, the lymphocytes were again incorporated 
into Freund's complete adjuvant and injected intramuscularly 
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into each thigh. Additional booster injections, which 
consisted of lymphocytes incorporated into barbit2.l buffer, 
W3re given intradermally 5.nto the ear. Each animal was 
tested for antibody production two weeks following each of 1 
the booster injections by the cytotoxicity test anJ~then 
reimmunized when required. Generally at least J to·8 
additional booster inject,ions were required before ·antibody 
production could be deteeted. In the text, antisera are 
designated by the recipient rabbit number. 
Blood was obtained from normal and immunized rabbits 
by ear venipuncture. After allowing the blood to stand for 
24 hours at 5 C, the retracted clot was removed, the remain-
der of the blood was centrifuged and the serum was separated. 
Complement was ipactivated by heating the sera at 56 C 
for JO minutes. Serum was then stored at -20 C until use. 
Preparation of Lymphocytes for Cytotoxicity Testing: 
Since it has been shown that granulocytes do not 
interfere with lymphocyte ·cytotoxicity testing (93) 
passage of cell preparations through columns were not 
performed in the preparation of leukocytes for cytotoxicity 
testing. In this procedure, 10 ml of blood were collected 
into a 25 ml Erlenmeyer flask which contained 10-12 glass 
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beads of approximately 1 cm diameter. The flask was gently 
shaken and the clear clot which resulted was removed. 
1he defibrinated blood was allowed to incubate with 5 ml 
of J% pig skin gelati,,n (Eastman Organic Chem. ) in saline 
at a 45 degree angle in a 37 C waterbath. After 15-30 
;,· min. of settling, the lymphocyte-rich supernatant ·,.,as 
harvested. The cell-rich supernatant was centrifuged to 
obtain a cell button and the· supernatant discarded. Five 
ml: of Tris-NH4Cl maintained at 37 C was added to the button 
and the tube was mixed with a Vortex mixer and shaken 
vigorously for 4 min. in a J7 C waterbath. The suspension 
was lightly centrifuged to remove erythrocyte.ghosts from 
the supernatant and the cells were resuspended in 1.0 ml 
barbital buffer. The Tris-NH4Cl treatment can be repeated 
two or three times depending upon the extent of rbc 
contamination in the suspension. An almost pure leukocyte 
suspension can' thus be obtained. The suspension was adjusted 
to contain approximately 10,000 cells per drop with barbital 
buffer. 
9ytotoxicity Testings 
Cytotoxicity tests, including controls, were 
performed in triplicate or quadruplicate (87). To each 
well in the Microtest Tissue Culture Plate (JOJ4: Falcon 
Plastics, Oxford, California) a drop of mineral oil was 
J6 
first added to prevent evaporation. To the approp:~iate 
wells were then added either 1 or 2 l of antisera followed 
by 1 1 of leukocyte suspHnsion ( 250 cells). The antisera 
or cells were dispensed with a 50 l Hamilton syring~. The 
~. 
plate was left standing at room temperature for 5 min. 
after which 5 l of complE!ment were added. The source o.f 
-[ complement was fresh rabbit donor serum. Th~ plate was 
f gently shaken and then reincubated for 40 miti. in a 37 C 
~-­
' V waterbath. Following incubation, one drop of barbital 
r buffer was added to each well and left to stand for 10 
f'-
min. The buffer was removed with a Pasteur pipet. This 
barbital buffer wash was used to remove accumulated debris 
as well as mineral oil from the well. One drop of trypan 
blue dye was then added to each well and left to stand 
for 10 min. The dye was flicked off with a rapid hand 
\ 
motion. ~he wells were refilled with barbital buffer and 
' 
were read under a Nikon inverted phase microscope at lOOOX 
power. 
Lymphocyte Typing Studies:· 
The cytotoxicity test, as previously described, 
was utilized for serological typing of the rabbit population. 
Cytotoxicity tests for each animal were performed in triplic~ 
ate or quadruplicate. Controls, which consisted of wells 
lacking in either complement or antiserum, were also 
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·oer.formed in triplicate or quadruplicate. Since 1;he time 
.factor involved in reading the cytotoxicity test is limited, 
total cell counts were not performed. An overall impression 
o.f the percent cell death in each well was obtained by 
; 
:mbjective readings or by randomly counting staine·d and 
unstained cells. Cytotoxic values were then determined 
by averaging percent cell death over the negative control 
in all tests. This procedure provides a method for obtain-
ing a measure of the relative degree of the cytotoxic 
reaction and the values are not intended to represent.an 
absolute "quantitative" value. Wells which contained appro-: 
ximately 0-13% dead cells above that of the negative 
control, as determined by uptake of trypan blue dY-:e, were· 
considered negative (-), while lJ-15% stained cells above 
the negative control were considered borderline (+-). 
. . . . Cytotoxicity tests in which there were approximately 15% 
or more stained cells above the negaitve control were 
considered positive (+). 
Statistical Analysisi 
The number of similar and dissimilar reactions 
in every possible pair of functional antisera were counted 
by comparing the incidence of positive and negative reactions 
from the lymphocyte typing studies. Fisher's 2x2 test was 
used to calculate the degree of association between the 
J8 
antiserum pairs ( 60). The 2x2 tables are re:?resented in the 
following: 
1st Antiserum 
+ 
+ a b 
2nd Antiserum c d 
a, b, c, and d represent the number of observations of 
the four possible types of reactions. Coefficients of 
correlation were det~rmined as followsi 
(1) If b=c=O, the antisera are identical 
(2) If b=O, serum 2 is contained within serum 1, 
and vice versa if c=O 
(J) If ad-be> O, then the antisera are positively 
associated, while if ad-be< o. then the antisera 
are negatively associated 
The Chi-square (with the Yate's correction) was 
used to determine the significance of the cvefficients 
of correlation values and was calculated as follows: 
x2 = 
Adsorption Studies: 
(Observed - Expected) - 0,5 2 
Expected 
F'or adsorption studies, the five most reactive 
antisera were diluted with saline to a point where a 
residual titer of 1:4 remained. Dilution has been found 
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essential for adsorption_ in leukocyte al1oantigen systems 
(93). This was the last dilution that resulted in an easily 
readable positive cytotoxicity test when tested against 
... 
cells of the respective immunizing donor. 
,, 
Approxj matley o. 4 ml o·r 1 :4 diluted antiset-a 
was incubated with 5.8 x 107 leukocytes obtained from 
the original ·donor animal. The cell antiserum·mixtures we-re 
• 
incubated at 37 C for 1 hour.followed by incubation at 
I . 
4 C for 2 hours. The cell suspensions were centrifuged 
at 4 C for 10 inin. at 1085 g. The serum was removed and 
tested by the cytotoxicity test for remaining antibody 
activity against the respective homologous cells. In all 
cases, the adsorption procedure had to be repeated before 
all antibody activity was eliminated. Controls consisting 
of cells which did not react with the particular antiserum 
~ 
as demonstrated by the cytotoxicity test were also included. 
Cross-Adsorption Studies: 
Since only strongly reactive antisera can be tested 
for relative specificity, ~or the reasons that will be 
described later, anti-2 antiserum was selected for further 
study. The specificity of the reactivity of anti-2 
antiserum was determined by means of adsorption of the 
antiserum with selected allogeneic leukocytes. The donors 
of these allogeneic leukocytes, referred to as the test 
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panel, were selected on the basis that their cells revealed 
a high cytotoxicity index when tested agHinst anti-2 
antiserum. In ad.di ti on, negative contr-0J.s, which consi.sted 
of cells that did not react with the anti.-2 antiserum, were 
utilized. These adsorption studies were performed fn a 
. 
manne~ ,identical to that described for the homologous 
adsorption studies. ./ 
Complement Fixation 'rests on ,Rabbit Erythrocytes: 
Donor rabbits whose lymphocytes induced a potent 
cytotoxic antisera when injected into a recipient animal 
were tested for the presence of the homologous lymphocyte 
antigen(s) on their erythrocytes. Ten ml of heparinized 
blood collected from each of these original donor animals 
were centrifuged at 1,000 RPM (GLC-1, Sorvall) for 5 minutes. 
The remaining rabpit erythrocytes were washed J-4 times 
in isotonic saline. The top layer of red blood cells 
was removed after each centrifugation. A 2% solution 
of erythrocytes in saline was prepared for use in the test 
To 10 x 1 cm glass test tubes were added 0.5 ml 
of the 2% erythrocyte suspensiori, 2 ml of a 1s4 dilution 
of the appropriate lymphocytotoxic antisera or sheep 
hemolysin (Difeo) and O.J ml of lsJO diluted guinea pig 
complement (Kalstead Labo~atories). Controls which 
consisted of tubes lacking either complement or antisera 
were run with each test. The mixtures were incubated a 
total of 40 min. at 37 C, and were gently agitated at 10 
min. intervals. The~tubes were then centrifuged at ~085 g 
at 4 C and the degree of hemolysis detert;tined. 
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Detection of a Lymphocyte Alloantigen in Organ Homogenates: 
Various organs were obtained from two animals 
whose lymphocytes had previously demonstrated a strong 
positive cytotoxic reaction when tested against anti-2 
antiserum. After the animals were sacrificed by intravenous 
injection of 7 ml of Nebutol. the following organs were 
removed and placed on ice: heart, kidney, liver, spleen, 
lung, lymph nodes, and sections of skin and fat. The organs 
were immediately taken to the laboratory, placed in vials 
and frozen by immersion in an acetone-dry ice mixture. 
The samples were stored at -45 C. 
Prior to homogenation, the organs were thawed, 
freed of extraneous material, rinsed in saline and weighed. 
Homogenates were prepared ·by grinding 1-5 g of organ with a 
volume of saline equivalent to 5 times the organ weight. 
The organs were homogenized in a commercial blendor (Waring) 
at high speed until a homogenous suspension was obtained 
(generally 0.5-1.5 min.). For preparation of skin homogenates, 
the hair was first removed and the skin sections were placed 
on top of dry ice. When the skin tissue was completely 
frozen (brittle) it was cut into thin sections and homog-
enized at high speed. 
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The homogenates were centrifuged at J020 g for 10 
min. ~ The. supernatnant was removed and the cell pellet 
was resuspended in sterile saline. The cell p~llet was 
recentrifuged and the saline wash was repeated until the 
\ 
supernatant became clear. Wet weights were then determined 
for each organ. The entire homogenation procedure was 
performed in the cold room at 4 C. 
Operationally monospecific anti-2 antiserum, 
as determined by serological studies wag diluted 1:4 
with saline, and was utilized throughout these experiments. 
Four-tenths ml of the diluted antiserum was adsorbed 
with various concentrations of crude antigen suspension 
ranging b<'itween 4 and 500 mg. Incubation of the mixture 
was carried out at 37 C for 1 hour with periodic agitation 
of the tubes. The tubes were next incubated at 4 C in the 
cold room·· for two hours, followed by centrifugation at 
1,085 g for 5 min. at 4 c. The serum supernatants were 
collected and tested for remaining antibody activity 
against a positive leukocyte cell donor by the cytotoxicity 
test. 
4J 
Immunoglobulin Typings 
The Ouchterlony technique (J2) was utilized for 
the determination of the immunoglobulin allotypes in rabbit 
sera. Double diffusion experiments were performed in 1.5% 
(W/V) Noble agar in 0.2 M borate, 0.15 M NaCl, pH 8.1 buffer. 
Monospecific anti-allotype antisera, previously produced 
in our laboratory, .were used for typing ( 9~. All rabbits 
in the population were tested for the presence of the al, 
a2, and aJ allotypic specificities of the heavy chain 
and the b4, b5, b6, b9, c7 and c21 allotypic specificities 
of rabbit IgG light chains. Rabbit sera possessing 
.. known allotypic determinants were used for reference 
controls. Coalescence of the precipitin band of an 
'· 
unknown serum with a known reference s-erum was the criterion 
for assigning specific. al.lotypes to unknown animals. 
Jn addition, the Ouchterlony technique was used to 
compare anti-lymphocyte antisera and anti-IgG allotypic 
antisera. In these studies, serum obtained from an animal 
positive ·for both the lymphocyte and immunoglobulin allotypes 
was reacted against the respective anti-allo·=ype antisera 
in agar gel plates. 
To determine whether the observed cytotoxic 
reactions might be c1.ue to antibodies directed against IgG 
allotypes which are found on some lymphocytes, experiments 
r 
' 
were also performed in which anti-IgG allotypic an.tisera 
was substituted for lymphocytotoxic antisera in the 
cytotoxicity test. 
; 
RESULTS 
Lymphocyte Isolation 
Rbc Sedimentation: 
The J% pig skin gelatin and the dextrans with 
molecular weights ranging from 1.5 x 105 to 5,0 x 105 
were found to be satisfactory sedimentation agents for 
erythrocytes since these agents sediemtned approximately 
97% of the rbc. In contrast, the erythrocytes did not 
sediment to any appreciable extent in the plasmagel, and 
r the yield of leukocytes in the supernatant when the plasmagel 
was utilized was less than 2%. As sho·Nn in Table 1, J% 
pig skin gelatin was the most efficient sedimentation agent 
since. up to 76% of the leukocytes could be recovered 
in the supernatnant, while a maximum of 18% of the leukocytes 
were recovered after sedimentation with dextran. 
Passage of Leukocyte .. Rich PreI?£l.rations T~rough the Columns• 
F'ollowing sedimentation of the erytbrocytes with J% 
~. 
pig skiri gelat..in, the leukocyte-rich fractions were 
resuspended in J-4 m.J_ of barbital buffer and were passed 
through a column packed with glass beads. The lymphocytes and 
contaminating erythrocytes were eluted from the column 
first with 4 ml of e~_uting barbital buffer (Fig. 1). In 
contrast, granu.locytes adhered strongly to th:~ beads in 
~able 1. Leukocyte yi?lds at various concentrations 
of sedim~ntation agents1 
Sedimentation Leukoc~te Yield2 
Fluid Percent Sedimentation Fluid 
1. 5% 3.0% 5.0% 
Dextran 4.0Xl06 1. 4x107 a.ox106 
MW 150,000 
Dextran 4.0Xl06 9.ox106 4.ox106 
MW 250,000 
Dextran NDJ l. ox107 l. 2x107 
'MW 500,000 
Pig Skin J.9x107 6.ox107 2.4x107 
Gelatin 
Plasmagel l. ox106 l. ox106 1. ox106 
1 Values are given as the number<_O.f leuko-
cytes recovered in the supernatant from 10 ml 
o.f heparinized blood (average of 7.8x10? leu-
kocytes) after incubation with sedimentation 
. fluid. · 
2' . 
Each value represents an average from 
three determi.nations. 
J None detectable. 
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0-0 lymphocytes and 
erythrocytes 
X-X platelets 
1.5 
Figure 1. Elution of cells from glass be~d columns 
(JOcm x 1cm ID). Leukocyte-rich preparations were 
obtained from 3o·m1 of rabbit peripheral blood fol-
lowed by sedimentation with pig skin gelatin. Cell 
types were determined on prepared slides, stained with 
Wright's stain and examined under oil immersion. Cell 
counts were determined by the "Model S" coulter counter. 
* Values are represented as the percent of a 
given cell type at the peak output of that 
particular cell type. 
r 
~l· 
. 
the column. Platelets did not adhere firmly to the glass 
beads but were retarded sufficiently during passage 
L~8 
through the columns to allow complete separation from the 
lymphocytes. The vast majority of platelets were eluted 
with the passage of approximately 6-15 ml of eluant (Fig. 1). 
After the lymphocytes and platelets were eluted, 
the columns could be completely freed of residual lymphocytes 
and contaminating erythrocytes by continued•washing with 
barbital buffer; however, the granulocytes continued to 
adhere. The first 5 ml oi' eluant which contained the most 
lymphocyte-rich fractions were collected and centrifuged 
to obtain a cell button and the supernatant was discarded. 
Only these purified fractions were used for isoimmunizations. 
Comparison of Methods for Lysis of Contaminating Rbci 
The lymphocyte-rich cell bu,ttons obtained following 
passage through glass bead columns,, were resuspended 
in various agents in an atte:mpt to remove the remaining 
erythroc~tes. The distilled water technique was unsatisfac-
; 
tory for use since it ,lysed not only the erythrocytes 
but also caused lysis o:f the lymphocytes. Although HCl 
~~ysed the contaminating erythrocytes with only minimal loss 
of lymphocytes, the 0.1 -N HCl was also unsatisfac tcry 
.3ince it caused gross obf;ervable denaturation and discolor-
<ition of the lymphocytes. ·rhe TAC buffer, as des~ribed 
49 
previously, was selected as the appropriate agent since it 
lysed essentially all of the contaminating erythrocytes and 
did not cause any observable damage to, or loss of, the 
lymphocytes. 
Examination of Lymphocyte Preparations for Purity: 
Smears were prepared of the purified lymphocyte prep-
arations, stained with Wright's stain and then examined 
\ . 
for purity. In a field of 100 lymphocytes, generally 
fewer than 2 granulocytes and 1 erythrocyte were observed 
(Fig. 2). The Model S Coulter Counter and Wright's stain 
were used to determine the yield of purified lymphocytes. 
The yield was found, on the average, to be approximately 
48% (Table 2). The percentage of cells recovereci ranged 
from 42% to 52%. A yield of 48% is equivalent to approx-
imately 1. 6x107 lymphocytes in 10 ml of whole blood. 
petermination of Lymphoc.xte Cell T~{Pe' 
Cell preparations obtained prior to and following 
passage-through glass bead columns were, reac~ed with 
fluorescein labeled goat anti-rabbit antiserum that possessed 
c 
z.ntibodies against both IgG and Ig.M. Three cell types 
e:ould be detected due to variations in fluorescent staining. 
1'hese cell types included: 1) nonstained cells probably 
consisting of' granulocytes and thymocytes; 2) partially 
stained cells probably conposed of bone marrow-derived 
Figure 2A. Photograph of whole blood preparation from 
rabbit K343-6 stained by the Wright 4 s method. The clear 
("halo") cells represent erythrocytes while stained cells 
represent·: various white blood cell types. Magnification a 
; 
400X. 
50 
r 
\ . 51 
52 
Figure 2B_. PhotograQ._h of "QUr.ified lymphocyte pre2aration 
from rabbit K}4J-6 stained by the Wright's method (20-fold 
concentration). Only lymphocytes are observed in this cell 
preparation. Magnification: LtOOX. 
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Table 2. Percentage of lymphocytes recovered from 
JO ml of blood1 
Animal Number of 
Number Lymphocytes 
in 10 ml 
Sample 
Number of 
Lymphocytes 
Recovered 
Percent 
Recovery 
-----~----~,-------
A J.1x107 1. JX107 42.7 
13 J.8Xl0 7 2.ox107 51. 9 
G203-4 2.5x10 7 i.1x107 44.5 
Jl20 2.1x107 l. lxl07 52.4 
-·~----------1 Each value represents an average from 
three determinations. Values were determinBd by 
cell counts under the microscope and use of the 
c oult,er counter. 
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lymphocytes with IgM~immunoglobulin cell surface receptors; ,. 
t· 
~ 
: ·and 3) fully stained cells consisting of bone marrow-derived 
lymphocytes with IgG-immunoglobulin cell surface receptors 
(Fig. 3 and 4~). 
Table 3 indicates the percentage of fluorescent 
·stained cells in addition to the percentage of, lymphocytes 
and granulocytes in cell preparations tested prior to and 
following passage through glass bead columns. From these 
results it is possible to calculate the ratio of B to T 
cells prior to and following passage through the glass 
bead columns. For example, in rabbit KJ4J-6 the total 
number of lymphocytes prior to column passage was 42% 
of the total leukocyte population as revealed by the Wright's 
smear. The percentage of B cells as indicated by percentage 
of fluorescent stained cells was approximately 18%. 
Subtraction of these two values gave the total percent 
of T cells in the white cell preparation (24%}. Following 
passage through the column, the total number of lymphocytes 
·~ 
in the preparation was found to be 97%, ;of which 42% were 
B cells. The remainder, 55%, consti·tutes the percent of T 
cells in the leukocyte population. In summary, then, 
the ratio of B to T cells prior to C<Jlumn passage was 18 
to 24 or 1 to 1.J2 and following pasHage was 42 to 55 or 
1 to 1.Jl, thus indicating that the liklihood for selection 
Figure J. Photograph of cell preparations prepared prior 
< 
~o _p~s.sage through glass bead columns {rabbit K343-6). 
The cell pre.para ti on. was reacted with fluorescein labeled 
goa.t anti-rabb.i t antiserum containing anti bodies directed 
against b0-tn ra.bbit I£$G and !E?,;M immunoglobulins. Unstained 
cells probably represent thymus-derived lymphocytes and 
granulocytes while partially or fully stained cells 
probably represent.bone marrow-derived lymphocytes. 
Magnification: 4oox. 
; 
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·' 
. Figure 4., Photograph of cell preparations p?"epared after 
!': passage'. :through glass bead co;i.umns (rabbit K34J-6). The ~ 
;¥" 
cell prepar-ati:on was reacted with fluorescein labeled 
goat anti-rabbit antiserum containing antibodies directed 
against: l:>o-:t}l F$:P,~~ 1; IgG and IgM immunoglobulins. Unstained 
cells probably represent thymus-derived lymphocytes while 
partiallyo:r f:J.l.ll~stained cells probably represe~t bone 
i 
marrow-derived lymphocytes. Magnifications 4oox, -. 
I 
• 
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Table J. Determination of the percentage of Band T lymphocytes prior to and foll-' 
owing passage through a glass bead columnl 
Rabbit Cell Fluorescent Staining Reaction2 Wright's Stain Reaction 
Number Preparation ~Per cent~ {Per cent~ 
Negative Partially Fully Lymphocytes Granulocytes 
Stained Stained 
lR Pre-column 78 18 4 47 53 
Post-column 49 44 7 99 1 
KJ4J-6 Pre-column 82 15 J 42 58 
Post-column 57 36 6 97 3 
1 Cells were reacted with fluorescein labled goat anti-rabbit antiserum 
directed against both IgG and IgM 
2 Approximately 3x104 lymphocytes (erythrocytes were not included in the 
count} were reacted with fluorescein labeled goat anti,;..rabbit antiserum contain-
ing antibodies directed against both rabbit IgG and IgM immunoglobulins. Un-
stained cells probably represent thymus-derived lymphocytes whil.e partially or 
fully stained cells probably represnt bone marrow-derived lymphocytes. 
t 
\ 
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of B or T cells by glass bead columns is remote. The results 
from animal 1R were similar. In this animal, the ratio 
of B to T cells was 22 to 25 or 1 to 1..14 prior to column 
passage as compared to 51 to 48 or 1 to 0.94 following 
column passage. 
II Immunological Studies 
Jsoimmuniza~ .. ton with Allogenei~ Lym.Phocvtes t.. 
Table 4 indicates the donor-recipient pairs used 
for isoimm:unizatio11 with purified allogeneic lymphocytes. 
Although all animals required multiple injections before 
an antibody response was detected by the cytotoxicity tests, 
the number of booster injections required for an antibody 
response varied from one animal to another. For example, 
both animal 2 and animal 12 required six injections before 
an antibody response could be detected against donor 
• lymphocytes; however, animal 5 required ten injections. 
Seven of the thirteen recipients (54%) injected with 
allogenei~ lymphocytes produced at least a weakly detectable 
~ 
response as demonstrated by the lymphocyte cytotoxicity 
tests. These animals included: 2, 4, 5, 7, 12, 18 and 
90791. However, two of these cytotoxic antisera, anti-7 
and anti-18, we.c-e so weak that it made eerological typing 
against cell panels difficult to interpret. 
In adcl'i.tion, Table 4 indicates the particular 
Table 4. Production of lymphocytotoxic antisera by 
isoirn:nun:i. z2_ti on of rabi;i t.s from various stra:.ns 
Immunized 1 Donor J\Tumber of
2 AntioodyJ 
Rabbit Strain Rabbit Strain Challenge Production 
Number ~umber Injections 
2 
4 
5 
7 
8 
12 
13 
17 
18 
15420 
90791 
Fl70-2 
2Gl8-2 
NZW 
NZW 
NZW/FG 
~zw 
NZW 
NZW/FG 
NZW/FG 
NZW 
NZW 
C Race 
ACEP 
NZW/FG 
NZW/FG 
J NZW/FG 
15420 C Race 
91113 ACEP 
0 NZW/FG 
1 NZW 
6 N~W 
A NZW 
18 NZW 
17 NZW 
4 NZW 
G194-5 NZW/FG 
TJO NZW/FG 
15570 C Race 
6 
10 
10 
11 
8 
6 
11 
9 
11 
10 
10 
10 
10 
P •t• 4 OSJ. J.Ve 
Positive 
Positive 
Weak 
None 
:P6sitive 
None 
None 
Weak 
None 
Positive' 
None 
None 
1 NZW- represents New Zealand Whit'e; NZW/FG- pro-
geny of crosses between New Zealand Whites and Flemish 
Giants; ACEP- from Bar Harbor, Maine; C Race- from NIH 
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2 Each injection consisted of purified lymphocytes 
isol,ted from JO ml of periphereal blood(approx. 4.ox107). 
. Anti body production was determined by the cyto.ti>acic-
i ty test as followsa 0-1J% lysed cells above the negative 
control was considered negatives 1.3-15% was borderlinei 
while 15-100% was considered positive. 
4 In the text antisera are designated by recipient 
number;, e.g., antiserum obtained from this animal·was 
designated anti-2. 
6) 
rabbit strains used for isoimmunization. Rabbits 17 and 
. 18 were unique since these were the only pair to evoke 
a response, although weak, by isoimmunization with lymphocytes 
of the same strain. All other cytotoxic antisera were 
produced by isoimmunization of lymphocytes between different 
strains. This included the use of a NZW/FG, C Race, ACEP, 
NZW and aNZW/FG as recipient and a NZW, NZW, NZW/FG, 
4 
NZW/FG and an ACEP as the respective immunizing donor 
rabbit. 
Serological Typings 
Th~. patt~·i;-n of serologiG 1".esl?ons'e obtaine<i by 
preliminary typing with seven cytotoxic antisera against 
leukocytes from 38 rabbits is shown in Table 5. ·The lympho-
cytotoxic reaction$ against cells from the immunizing 
donor animal have been encircled for identification. The 
reaction pattern of the lymphocytotoxie antisera against 
heterologous cells and especially against cells from the 
immuni.z,in~ donor can be used as an indication o£ the.. relativa 
potency of these antisera. Animals 1,4.5,12,13 and 90791 
were not typed since they died prior to this particular 
study. 
The pctency o:.f the antisera wan determined by the 
relative percent of dead cells above thi:.t o:.f the negative 
controls 0-1J% (-). 1)-15% (-+) and 15-100% (+). The cyto-
Table 5. Preliminary typi~g of a random population of rabbit~ 
with cytotoxic antisera p::-oduced by isoimmunizaticm of purif-
ied lymphocytesl 
Rabbit Strain LvMnhocvtotoxic Anti~0r~ 
-...J:-... ~-------~~·------~---- -~--·--
}._;.. Number I: S ? 
~~-----~~~~~~~~ ~~~~~~-~~~~-
l? 13 9()701 
---"---
0 
2 
3 
6 
7 
8 
1.7 
18 
20 
13528 
13622 
15420 
22093 
22833 
91113 
92072 
A 
B 
BPP 
c 
DSBNS 
DSC LL 
DSC TL 
Gl94-5 
G203-4 
2Gl8-2 
H322-3 
HJ2.5 
Jl20 
J222-2 
K343-6 
MN 
lR 
2R 
T30 
5X 
12X 
14X 
NZW/FG 
NZW 
NZW/FG 
NZW 
NZW 
NZW 
NZW 
NZW 
NZW 
C Race 
C Race 
C Race 
ACEP 
ACEP 
ACEP 
ACEP 
NZW 
NZW 
NZW 
NZW 
NZW 
NZW 
NZW 
NZW/FG 
NZW/FG 
NZW/FG 
NZW/FG 
NZW/FG 
NZW/FG 
NZW/FG 
NZW/FG 
NZW 
NZW 
NZW 
NZW/FG 
NZW 
NZW 
NZW 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
... 
+ 
-@ 
+ 
+ 
+ 
+-
+ 
+ (±) 
+ 
+ 
+ 
+-
+ 
+ 
e +-
+ +-
+-
+ + Cf> 
+-
+ +-
+-
+-
+ 
+ + 
+- + 
+ + + 
+-
+-
+ +-
+ + 
+-
+ 
+-
+ 
+ 
+ 
+-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
1 Results are given as percent dead cells (observed 
by uptake of trypan blue dye) over that of the negative con-
trol (no antiserum).· 0-13% (-); 13-15% (+-); and 15-100% (+). 
All testsrere run in quadruplicate. 
Circled results indicate lymphocytotoxic reaction 
against cells from the immunizing donor animals. 
_ _. 
toxic antisera, anti-7 and anti-18 antisera, were not studied 
further because they reacted with too few animals to give 
meaningful correlations or consistent results. Anti-2 
antiserum, in contrast, appeared to be a potent antiserum 
and was thus utilized in further studies. Other cytotoxic 
antisera which appeared to be of sufficient potency to 
perform serological studies included: anti-4, anti-5, 
anti-12 and anti-90791 antisera. 
Certain of the cytotoxic antisera appeared 
to have similar reaction patterns against the cell panel: 
e.g.,anti-2, anti-5, and anti-90791 antisera reacted with 
the same group of rabbits (O,J,18,1J528,15420,228JJ, 
91113, G194-5,G20J-4,2G18-2,HJ22-J,J120,J222-2,KJ4J-6, 
TJO and 5X).Anti-4 and anti-12 antisera reacted with a 
second group, (6,17, B, BPP,DSBNS,DSCTL, and MN). In 
addition~ a large number of animals do not react with either 
group of antisera (2,7,8,20,lJ622,2207J,92072,A, C,DSCll, 
HJ25, 1R, 2R, 12X and 14X). 
The relationship of these cytotoxic antisera 
were analyzed by Fisher's 2x2 comparison (60). In this 
statistical evaluation, the number of similar and dissimilar 
reactions in every possible pair of the strong lymphocytotoxic 
antisera were counted (Table 6). It was ebnerved that there 
existed at least one reaction pair for each of the four 
r 
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Table 6. 2x2 comparison of lymphocytotoxic antisera 
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possible events in each antiserum analyzed. This suggested 
that no two of the lymphocytotoxic antisera were identical. 
The number of double positive antisera reactions ranged 
from 1 to 13 while the number of double negative reactions 
ranged from 14 to 2 7. 
Once it was determined that no two cytotoxic 
antisera were identical, Fisher's 2x2 test was used to 
. ' 
calculate the association between the antiserum pairs 
(Table 7). The results suggest that many antiseru detect 
67 
similar antigens. It was found that the reactions of anti-·2, 
anti-5 and anti-90791 were positively correlated with one 
another indicating one group. The anti-4 and anti-12 
antisera were positively correlated with one another 
indicating a second group. These 2x2 values, revealing 
positive correlation, ranged from +76 to +2J8. In addition, 
a negative correlation was consistently obtained between 
the reaction of the antisera in one group and those in the 
other group. These correlation values ranged from -8 
to -98. 
Chi-square values for each correlation test are 
sl1own in Table 8. A chi-souare value of J. 84 ( P=O. 05) 
or greater was considered :3ignificant. Thus, the antisera 
WEre shown to detect alloantigens that fell into two distinct 
c2.tegories. Anti-2, anti-5 and anti-90791 antisera (Group I 
r 
Table 7. The coefficient of correlation, r 1 , 'Of 5 
cytotoxic antisera 
Coefficient of Correlation 
Antisera 
Animals Tested 
90791 12 .5 4 
+ + 
2 230 98 2.39 24 
+ 
4 13 76 8 
+ 
5 204 61 
12 50 
1 r represnts coefficient of correlation 
derived from the equation r=ad ... bc. 
68 
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Table 8. The chi-square1 valw~s f'or the coefficient 
of' correlation of 5 cy~otoxic antisera 
Chi-Square Values 
Antisera 
.Animals Test~d •. 
90791 12 5 4 
2 1·7. 62 2.65 17.01 0.02 
4 0.013 5.0; 0.12 
5 1).65 o .• 84 
12 0.54 
·
1 A chi-square value Of ·3.-84 (p=O. 05) or 
greater was considered significant • 
..... 
antisera) detected one alloantigen (Ly-1) while anti-4 
and anti-12 antisera (Group II antisera) detected a se·cond 
lymphocyte alloantigen (Ly-2). The chi-square values 
obtained when the antisera from Groups I and II were 
compared did not appear to be significant. 
Homologous Adsorption Analysisi 
70 
Table 9 summarizes the results of the adsorption 
studies with five of the cytotoxic antisera: anti-2, anti-4, 
anti-5, anti-12 and anti-90791. Following two adsorptions 
of the antisera with 5.8 x 107 cells from the corresponding 
immunizing donor animals, the antisera were tested by the 
cytotoxicity test against immunizing donor lymphocytes. 
The perc~nt cell death was determined as the number of 
dead cells in each well (observed by uptake of trypan 
blue dye) compared to total number of cells. Negative· controls 
represented wells which contained cells and complement 
but no antibody. A value of 0-13% was considered negative 
while lJ.;15% was considered borderline./ Values o-r 15% 
or greater were considered positive. Prior to adsorption, 
' 
the cytotoxic indexes for the positive controls ranged 
between 23% and JO%. Following adsorption, the values 
decre 3.sed to betweeen 3 and 7%. These results indicated 
that adsorption with homologous cells eliminated the 
cytot,:>xic reaction of all five antisera. 
r 
~. 
r 
i 
' 
.Table 9. Cytotoxic ac ti vi ty remaining after t"\ o ad-
:£Orptions of lymphocytotoxic antisera with 5.Ex104 
leukocytes from the corresponding original im;i.uniz-
ing donorl 
Antiserum Cytotoxic Adsorbing 
Group Antiserum Homologous 
I 
I 
__ r 
II 
II 
Number Donor 
Gells 
2 J 
5 91113 
90791 G194-5 
4 15420 
12 6 
Positive Adsorbed 
Control Antiserum 
Percent 
25 4 
2J 4 
26 7 
JO J 
27 6 
1 Results are given as percent dead cells (up-
take of trypan blue dye) above the negati·ve con-
trol: 0-13%-negative; lJ-1.5%-intermediate; 15-
100%-posi tive. 
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Cross-Adsorption Analysis: 
Although the serological patterns observed in the 
typing studies (Table 5) aided in revealing the nature of 
the cytotoxic antisera, additional studies were required to 
determine the number of specificities for a particular 
cytotoxic antiserum. In addition, since only potent anti-
sera can be tested for relative specificity {for reasons 
that will be discussed later), only anti-2 antiserum was sel-
ected for further study. The specificity cf the reactions 
of anti-2 antiserum was determined by means of adsorption 
with selected allogeneic leukocytes. The donor rabbits 
for these allogeneic leukocytes were selected from cells 
of ..animals that revealed a high cytotoxicity index (15% 
or greater) when tested against anti-2 antiserum (Table 5). 
The cells of these animals were retested by the cytotoxicity 
test against anti-2 antiserum to insure that their reactivity 
was sufficiently potent so that false negatives would rot 
result {Table 10), The cytotoxic indexes of the lymphocyte 
cells chosen for use ranged' between 15 and 20% above 
the ne:.gative control when tested agains·t a 1 :4 dilution 
of anti-2 antiserum. The cella obtained from the following 
rabbits were strongly reactive with anti-2 antiserum and, 
thus, were chosen to make up t:1e cell panels 0, J (immunizing 
donor), 13528, G194-5, G20J~4, J120, J222-2, KJ4J-6, and TJO. 
Table 10. Lymphocytotoxic reactions of anti-2 antiserum with the panel of cells 
chosen for use in the adsorption tests 
Antiserum Cytotoxic Reactions
1 
Test Cells 
0 18 13528 Gl94-5 G20J-4 HJ22-3 J120 J222-2 KJ43-6,TJO 202 HJ252 
Anti-2 
Antiserum 
Undiluted 
Anti-2.3 
Antiserum 
Diluted 
18 16 
20 14 
19 
17 
19 18 15 
16 18 15 
20 17 20 18 J 0 
21 17 20 i6 1 0 
1 Results were determined by percent of dead cells (uptake of trypan blue dye) 
over that of the negative control (no antiserum)s 0-13% represents a negative · 
testi 13-15%-borderline; 15-100% represents a positive reaction. All tests were 
run in quadruplicate and results were averaged. 
2 Animals 20 and HJ25 were negative controls for the test. 
J THe anti-2 antiserum was diluted 1:4 with saline prior to adsorption tests. 
\ 
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Animals 18 and HJ22-3 were not included in the test panel 
·although they reacted with anti-2 antiserum because of the 
weak cytotoxicity reaction their cells evoked when reacted 
against the antiserum. Several animals that had reacted 
with anti-2 antiserum in Table 10 had expired prior to the 
time adsorption tests were conducted. Cells from animals 
20 and HJ2.5 were utilized as negative controls in the 
' adsorption panel. In addition, the results in Table 10 
indicate that dilution of the anti-2 antiserum with saline 
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(1:4) did not significantly decrease the cytotoxic reactions. 
Prior to dilution, the cytotoxic values of the positive 
cells from the test panel ranged from 1.5% to 20% above the 
negative control. Follo·wing dilution of the anti-2 
antiserum, the cytotoxic values ranged from 11}% to 21%. 
The results obtained by the methodical adsorption 
of antiserum anti-2 with the positive-reacting .leukocytes 
from :·.ndividual donors of a test panel are illustrated in 
Table 11. The positive control consisted of diluted (1:4) 
unadsorbed antiserum. The results are given as percent 
of cell death above negative control. The negative coctrols 
consisted of cells and complement but no antibody. A 
cytotoxici ty index of 0-137~ wa?; considered negative (-) 
while 13-1.5% was considered bo~derline (+-). A cytotoxicity 
value of 15-100% was considere·i positive ( +). 
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Table 11. Cytotoxic activity remaining after the 
adsorption of anti-2 antiserum with cells from 
the cross-adsorption panell 
Adsorbing Cells Used in Cytotoxic Cytotoxic 
Cells Cytotoxicity Values Prior Values After 
Test to Adsorption Adsorption 
0 0 +-
0 J + 
0 1J528 +-
0 Gl94-5 + 
0 G20J-4 + 
0 J120 + 
0 J222-2 + ' ' 0 KJ4J-6 + 
0 TJO + 
0 20 
0 HJ25 
3 0 + 
J J + 
J 13.528 + 
J Gl94-5 + 
J G20J-4 + 
J Jl20 + 
J J222-2 + 
J KJ4J-6 + 
J TJO + 
3 20 
J HJ25 
13528 0 + 
13528 J + 
13528 > 1J528 + 
1)528 Gl94-5 + 
13528 G20J-4 + 
13528 Jl20 + 
13528 J222-2 +-
1J528 K34J-6 + 
13528 T30 + 
13528 20 
1)528 HJ25 
76 
Table 11. (Continued) 
Adsorbing Cells Used in Cytotoxic Cytotoxic 
Cells Cytotoxicity Values Prior Values After 
'fest to Adsorption Adsorption 
Gl94-5 0 + 
Gl94-5 3 + 
Gl94-5 13528 + 
Gl94-5 Gl94-.5 + 
Gl94-5 G20J-4 + 
Gl94-5 Jl20 +-
Gl94-5 J222-2 + 
Gl94-5 KJ4J-6 + 
Gl94-5 TJO + 
Gl94-5 20 
Gl94-5 H325 
G203-4 0 + 
G20J-4 3 + 
G20J-4 13528 + 
G20J-4 (}194-5 + 
G20J-4 G20J-4 + 
G20J-4 Jl20 + 
G203-4 J222-2 + 
G20J-4 KJ4J-6 +-
G20J-4 TJO + 
G20J-4 20 
G203-4 HJ25 
Jl20 0 +· 
Jl20 3 + 
Jl20 13528 +-
Jl20 Gl94-5 + 
J120. G20J-4 + 
Jl20 Jl20 ; + 
Jl20 J222-2 + 
Jl20 K34J-6 + 
Jl20 TJO + 
Jl20 21) 
Jl20 H325 
-
\ 
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Table 11. ( C cntinued) 
Adsorbing Cells Used in Cytotoxic Cytotoxic 
Cells Cytotoxicity Values Prior Values After 
Test to Adsorption Adsorption 
J222-2 0 + 
J222-2 3 + 
J222-2 13528 + 
J222-2 Gl94-5 + 
J222-2 G20J-4 + 
J222-2 Jl20 + 
- f 
J222-2 J222-2 + 
J222-2 K34J-6 + 
J222-2 TJO + 
J222-2 20 
J222-2 HJ25 
K34J-6 0 + 
K343-6 3 + 
KJ43-6 13528 + 
KJ4J-6 Gl94-5 + 
KJ4J-6 G20J-4 + 
KJ4J-6 Jl20 + 
KJ4J-6 J222-2 + 
KJ43-6 KJ43-6 +-
KJ4J-6 '1130 + 
K34J-6 20 
KJ4J-6 HJ25 
TJO 0 + 
TJO 3 + 
' TJO 13528 + 
TJO Gl94-5 + 
TJO G20J-l!. +1 
TJO Jl20 + 
TJO J222-2 + ; 
TJO KJ4J-6 + 
TJO TJO + 
TJO 20 
-TJO HJ25 
.. 
Table 11. (Continued) 
Adsorbing Cells Used in Cytotoxic Cytotoxic 
Cells Cytotoxicity Values Prior Values After 
Testing to Adsorption Adsorption 
20 0 + + 
20 3 + + 
20 13528 + + 
20 Gl94-5 + +-
20 G203-4 + + 
20 Jl20 + + 
20 J222-2 +- + 
20 KJ4J-6 + + 
20 TJO + + 
20 20 
20 H325 
HJ25 0 + + 
HJ25 3 + + 
H325. 13528 + + 
HJ25 G194-5 + + 
H325 G20J-4 + + 
HJ25 Jl20 + + 
H325 J222-2 + + 
H325 KJ4J-6 + + 
HJ25 TJO + + 
HJ25 20 
HJ25 H.325 
1 Results wer~ determined by percent of dead cells 
(uptake of trypan blue dye) over that of the negative 
control (no antiserum) a 0 ... 13%(-); 13-15%Cr-) s 15-100% (+). All tests were run in either triplicate or qua~ 
drupl.~cate and vr-.lues were averaged. 
; 
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The cytot©xic values for cells tested against the 
adsorbed antisera J?anged between 0 and 12%, the mean average 
being J.4%. In comtrast, the cytotoxic values of the positive 
control, consisting of unadsorbed antisera tested against 
the identical cellst ranged between 14 and 28% with the mean 
being approximately 16. 5?'~. Since anti-2 antiserum adsorbed 
with each of the individual cells did not give a positive 
reaction when tested against a primary panel of leukocyte 
donors, it has been assumed that anti-2 antiserum is 
operationally monospecific. In contrast, cytotoxic values 
of antisera adsorbed with cells from animals 20 and HJ25 
and tested against cells from the positive cell panel 
ranged between 14 and 21%. This indicated that a.flti-2 
antiserum did not lose any significant cytotoxic activity 
when adsorbed with cells that were negative reactors 
a,~ainst the antiserum. It, therefore, appears that non-
specific adsorption of antibodies does not occur. 
~omplernent- Fixation Tests on Donor's Erythrocytes; 
Direct complement fixation tests were performed 
w.'~ th lymphocytotoxic antisera to detect the presence of 
l~rmphocyte alloantigens on erythrocytes (Table 12). The 
f:.ve potent cytotoxic antisera, anti-2, anti-4, ~anti..;.;5, 
ar:ti-12 and anti-90791 weri?. tested against erythrocytes 
attained from the respectbre original immunizing dcinor. 
'liable 12. Complement fixation tests to determine the presence of rabbit lympho-
cyte all.oantigens on rabbit erythrocytes 
Lymphocytotoxic Antiserum Barbital G. Pig1 RBC Obtained 2% Rabbit Hemo1ysis 
Antisera 1110 Buff er Complement From Rabbit2 Erythrocytes (ml) 
· (ml) (ml) (ml) 
2 2 0.2 0 • .3 
.3 0.5 
2 2 0.5 
- .3 0.5 
2.2 0 • .3 .3 0.5 
4 2 0.2 O.J 15420 0.5 
4 2 ,, 0.5 - 15420 0.5 
2.2 O.J 15420 0.5 
5 2 0.2 O.J 9111.3 0.5 
5 2 0.5 - 91113 0.5 
2.2 O.J 91113 0.5 
7 2 0.2 O.J 0 0.5 
7 2 0.5 - 0 0.5 
2.2 0 • .3 0 0.5 
12 2 0.2 O.J 6 0.5 
12 2 0.5 O.J 6 0.5 
2.2 O.J 6 0.5 
18 2 0.2 0.3 17 0.5 - OJ 0 
\ 
Table 12. (Continued) 
Lymphocytotoxic Antiserum Barbital G. Pig1 RBC Obtained 2% Rabbit 
Antisera 1110 Buff er Complement From Rabbit Erythrocytes (ml) (ml) (ml) (ml) 
18 2 0.5 .,. 17 0.5 
2.2 0 . .3 17 0.5 
90791 2 0.2 0.3 Gl94-5 0.5 
90791 2 0.5 - Gl94-5 0.5 
2.2 0.3 Gl94-5 0.5 
Hemolysin 2 .. 0.2 0 . .3 3 0.5 
Hemolysin 2 0.5 
- 3 0.5 
2.2 0 . .3 .3 0.5 
1 Guinea pig serum diluted 1:30 
2 Original immunizing lymphocyte donors 
' \ 
Hemolysis 
+ 
co 
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No hemolysis could be observed when cytotoxic antisera 
· were reacted against immunizing donor erythrocytes. In 
contrast, the control which consisted of sheep hemolysin 
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lysed essentially all of the red blood cells. These results 
indicated that no lymphocyte alloantigens exist on rabbit 
erythrocytes as detected by complement fixatio~. 
Detection of a Lymphocyte Alloantigen in Organ Homogenates: 
The relative distribution of the Ly-1 alloantigen(s) 
on various organ homogenates in two representative individuals 
were determined by adsorbing anti-2 antiserum with various 
quantities of organ suspensions (Table 1.3). The various 
organs and tissues were obtained from rabbit J, the original 
immunizing donor, and rabbit 1.3528. The cells from both 
of these animals had previously been shown to give a 
I 
strong cytotoxic reaction when tested against anti-2 
• 
antiserum in the cytotoxi~ity test. Results are given 
as percent dead cells {as determined by uptake of trypan . 
blue dye): above negative· control; 0-1J% was considered 
; 
negative (-); 1J-15% bord~rline (+-);while 15-100% was 
considered positive (+). Negative controls consisted 
of complement and cells w.:J.th no antibody. Although the 
relative distribution of the Ly-1 alloantigen(s) ~as observed 
independently in each animal, a more accurate determination 
"'as obtained by averaging the results of the two animals. 
Table 1J. Cytotoxic activity remaining after the adsorption of anti-2 antiserum 
with various concentrations of cn-gan homogenates from two positive reacting 
rabbits 
Rabbit Quanity of Dead Cells ~~l Above Negative Controll 
Tested Adsorbing Antiserum Adsorbed With Homogenates Of 
Homogenate Lymph 
(mg) Spleen Node Lung Skin Kidney Liver Heart Fat 
32 500.0 NDJ ND ND ND 
- -
ND ND 
J 250.0 ND ND ND - ~ - - + 
J 125.0 - - - - +- +- - + 
.3 62.5 - +- +- - - + +- .+. 
3 31. J - - - +- + + +- + 
3 15.6 - + + + + + + + 
J 8.0 +- + + + + + + + 
J 4.0 + + + + + + + + 
1.3528 500.0 ND ND 
-
ND 
- - -
ND 
13528 250.0 ND 
- - - - - -
ND. 
13528 125.0 
- - - - - - -
+ 
13528 62.5 
- - - - -
+-
-
+ 
13528 Jl. 3 
- - -
+ +- + + + 
13528 15.6 
- + + + + + + + 13528 8.0 
-
+ + + + + + + 
13528 4.0 + + + + + + + + 
1 Results were determined by percent of Qye uptake by cells over tho.t 
yof the negative control (no antiserum). 0-1.3% (-); 1J-15r~ (+-) r and 15-100;~ (+). All tests were run in quadruplicate. 
2 Rabbit number three was the original immunizing donor used in the 
production of anti-2 antiserum. 
3 Not Done 
I 
\ 
""" 
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In this case, it appears that the highest concentration of 
antigen exist in the spleen (7.0) followed in descending 
order by the lymph nodes (5.0), lung (5.0), skin (4.5), 
kidney (4.0), heart (4.0) and finally liver (J.5). Fat 
contained little, if any, lymphocyte antigens. No substantial 
differ erces in alloantigen concentration betwe .. en the lymph 
node and the lung, and between the kidney and the heart 
. . 
were observed. 
In contrast, if total average weight of normal 
organs is considered, the order then becomes skin (46J), 
liver (225), lung (90). kidney (5J),~heart (46), spleen (24), 
and lymph nodes (18) (Table 14). The total weight of fat 
was not determined due to difficulty in obtaining total 
body fat. The relative units of activity for each organ 
was determined directly by their cytotoxicity indexes 
(Table 1J) as followss 
Minimum concentration (mg) 
of antigen capable of 
elimi.nating a positive 
cytotoxic reaction 
,_ 4.0 
8.0 
15.6 
31.J 
62.5 
125.0 
250.0 
500.0 
-" 
Designated unit 
value 
8 
7 
6 
5 
4 
J 
2 
1 
. ' 

The total activity was subsequently determined 
.by multiplying the total organ weight by the designated 
unit value • 
.. Thus, for example, J1.J mg of lymph node was the 
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minimum concentration of antigen required to remove antibody 
activity as determined by the cytotoxicity test. This v~lue 
represents a unit of activity of five. Total activity 
. . 
could then be determined by multiplying the organ weight 
by the unit o:f activ:tty for the specific organ. In the case 
' 
of the lymph node this vailue would be 5 (unit activity) x J.6 
(organ weight) or a net activity of 18.o. 
Immunoglobulin Typings 
Preliminary studies to determine the relationship 
of the genetic control of immunoglobulin antigenic deter-
minants and lymphocyte alloantigens are summarized in Table 
15. Rabbits are classified as either reacting with Group I 
lymphocyte alloantisera (I), Group II lymphocyte alloantisera 
(II) or .neither (0). In addition, the ~. b and £. loc.i 
immunoglobulin determinants are given for each animal. 
Animals posse·ssing the Ly-1 lymphocyte alloantigen(s) 
( i:'eacting with antis.era from Group I) were found 1.,0 posses.s 
the following immunoglobillin allotypes; 1, 2, J, 5, 7, and/or 
·21. Animals possessing the Ly-2 lymphocyte alloantigen(s) 
:.· (reacting with antisera from Group II) were ft>und to possess 
'11able 15. Relationship of immunoglobulin alloantigens to the lymphocyte all0- · 
antigens.in the rabbi~ 
Rabbit 
Number 
0 
2 
3 
6 
7 
8 
17 
18 
20 
13528 
13622 
15420 
22093 
22833 
91113 
92072 
A 
B 
BPP 
Immunoglobulin Lymphocyte Rabbit Immunoglobulin 
Allotype Alloantigen Number Allotype 
Group 
11,557 I 1 C 11,447 
11,447 ·o2 . DSBNS 11,447 
11,557- I DSCLL 11,447 
11,447 II) DSCTL 1 11,447 
11,447 0 Gl94-5 11,557 
11,447 0 G203-4 1),557 
11,447 II 2G18-2 22,~47 
il,447 I ~322-J 22,447 
11, 447 0 HJ25 22, 447 
11, 447 I Jl20 33, J.W.7 
11, 447 0 J222-2 11~ 5·57 
11,447 ;r KJ43-6 23,557 
11,4421 0 MN 11,447 
22, 4421 I lR ll. 447 
JJ,4421 I 2R 11,447 
):}, 4421 0 TJ.O 11 ;#47 
11,447 0 5X . 11,4-47 
11,447 II l2X 11,447 
ll.4lj.7 __ ~ ___ LL___ . 14X 11,447._ 
Lymphocyte 
Alloanti sera. 
Group 
0 
II 
0 
II 
I 
I 
I 
I 
0 
I 
I 
I 
II 
0 
0 
I 
I 
0 
0 
1 Group I animals reacted with lymphocytotoxic antisera 2, 5 and 90791 (Ly-1 al~oantigen( s)) . ·. · · · · 
Group O animals did not react with either lymphoeytotoxic antisera group 
3 Group II animals reacted with lymphocitotoxi ap.tisera 4 and 12 (Ly-2 
alloantigen(s)) 1 .d · , • .%5 · 
\ 
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the following immunoglobulin allotypes: 1, 4, and 7. 
Animals which did not possess either lymphocyte alloantigens 
Ly-1 or Ly-2 were found to possess the 1, 2, J, 4, 7 and/or 
21 immunoglobulin allotype determinants • 
. The Ouchterlony technique was also used to compare 
anti-lymphocyte antisera and anti-IgG allotypi,c antisera. 
In this study, serum obtained from an animal positive for 
~ 
both the lymphocyte and immunoglobulin allotypes was reacted 
against the respective anti-allotype.antisera in agar gel 
plates to determine reaction behavior. Only preliminary 
studies were completed since all lymphocytotoxic antisera 
tested failed to form a preci.pi tin band against sera in 
agar gel plates (results not shown). 
'!'he results of'. stud'ies to demonstrate whether 
the observed cytotoxicity reactions might be due to antibodies 
I directed against IgG allotypes which are .found on some 
,,-
circulating lymphocytes are shown in Table 16. Ce·lls 
from four animals (HJ22•3, 0, 92072, MN) were chosen 
because they possess.ed the entire spectrum of allotypic 
determinants as well as t!le lymphocyte alloantigen groups 
(See Table 15). In all cases, anti-immunoglobulin antisera 
failed. to produce a cytotoxie reaction. 
. Table 16. Cytotoxic r2acticns of v~rious alJoiypid 
· 8.ntisera a.gains t ;n;.rif i ed J.y:1~1h oc:n:.e ce 11f:, .:.. 
Al}.otypic 'Te.st Cells Prom Ra iJ bi ts 
Antiser·a HJ22-J 0 92072. MN 
anti-al 
anti-a2 
anti-aJ 
anti-b4 
anti-b5 
anti-b6 
anti-b9 
anti-c7 
anti-c21 
anti-2 + 
anti-4 + 
anti-5 + 
anti-12 + 
anti-90791 + 
.. 1 Results are given as percent dead cells 
(observed by uptake _of trypan blue dye) over that 
of the negative control (no antiserum). 0-13% (-)r 
13-15% (+-); and 15-100% (+). All tests were run 
in quadruplicate_ 
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DISCUSSION 
In this thesis a method is described for the 
isolation and purification of circulating lymphocytes using. 
a combination and modification of a number of techniques. 
These techniques include: 1) removal of the vast maj~rity 
of erythrocytes by the use of pig skin gelatin ~s a , 
sedimentation agent (88); 2) passage of the white cell-rich 
fra.ction through a glass bead column to remove glass 
adhering cells such as platelets and granulocytes {78,64) 
and; J) the removal of remaining erythrocytes by .. TAC buffer. 
a mild rbc lysing agent ( 1 ) • Utilization of these~ techniques 
resulted in the isolation of up to 52% of the circulating 
lymphocyte~. Little contamination with red blood.cells 
or other white cell types was observed. j ._. ., ~ I 
An earl.N difficulty encountered in the isolation 
• 
of rabbit lymphocytes was due to the'-~low sedimentation rate 
of rabbit erythrocytes. Human erythrocytes, for exa.mple •. 
are not extremely difficult to isolate since they sediment 
~ ~~·· 
at a rate approaching 4-6 mm/hr. In contrast, rabbit 
erythrocytes sediment at a rauch slower rate of .2-4 rrm/hr .. 
( 73).. It was not until an app!'opriate s-edi:neintation ··,~ 
agent (pig. skin gelatin) waH obtained that the red cells ·· ........ · 
could separate from the leukocytes with satisfactory 
efficiency to insure obtaining a representative population 
"': 
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of leukocytes. 
An additional difficulty encountered during 
attempted isolations was due to the extreme fragility of 
rabbit lymphocytes. Fortunately, TAC buffer was found to be 
satisfact.ory since it completely lysed erythrocytes and 
had no visible effect on the lymphocytes. However 1 one 
disadvantage of TAC buffer is that it caused occasional 
' clumping of the lymphocytes. This could. usually be 
circumvented by insuring that the buffer and cell suspension 
were incubated at a constant t.emperature of 37 C ~ 
Since glass bead columns were utilized in the 
isolation of lymphocytes in this study, the· possibility 
that a particular cell type was selected by this procedure 
was considered. Vast evidence has 'already accumulated 
that two lymphocyte types, the bone marrow-derived or 
B-cell and the thymus-derived or T-cell, exist in peripheral . . 
, .. -
blood (2J). Karniely (42), while attempting to study the 
response to dinitrophenyl hapten attached to positively and 
..... 
negatively charged synthetic po]ypeptide;carriers, indicated 
that i~ is possible to distinguish T and B cells on the 
basis 0f their capacity to react with glass bead columns. 
It was observed that thymocytes will adhere to slightly 
acid or basic surfaces due to their net electrical charge. 
In con"f,rast, bone marrow-deri vet~ lymphocytes passed through 
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the columns unhindered. To test for this possibility, the 
·lymphocyte cell type was determined prior to and following 
passage of the cell preparations through glass bead columns. 
Cell types were distinguished by their ability to react with 
fluorescent labeled antiserum containing antibodies directed 
against rabbit IgG and IgM. 
Although there is some controversy with regards 
~ ' 
to methods for distinguishing bone marrow-derived and 
thymus-derived lymphocytes in rabbit peripheral blood (76), 
it appears from variolis- studies (66) that at least three 
cell types can be distinguished by utilization of this 
technique: 1) non-stained cells which probably represent 
granulocytes and T-celis; 2) partially stained cells 
probably representing the B.-cell population with IgM-immuno-
globulin surface receptors and ; J) fully stained cells 
which probably represent B-cells with_IgG-immunoglobulin 
/ 
surface receptors. It was subsequently demonstrated 
that the l.!mphocyte isolation tec,~niq~e employed in this 
. ~ 
study qj.d 11ot se~ec:t; !pr MY ,P,~rt,icul~r cell type since the 
ratios 'Of' B to T cells in these preparations prior to 
and following column passage were nearly identical. The 
reason that the glass beads did not select for a particular 
cell type may be due to the fact that all glassware, 
includlng glass beads used as the column filler were 
9J 
siliconized. Siliconization would tend to neutralize the 
charge on the glass surface. In any case, even if these 
fluorescent studies do not distinguish B and T cell types 
in the rabbit, they do provide strong.evidence that 
whatever the cell type, no one type of stained cell was 
selected for by the isolation technique. It should be 
noted, however, that it is still possible that' isoantisera 
produced in our later studies may have been tiirected 
against an all:eairt'igen u11iq.ue for one of the two lymphocyte 
cell types. 
Once a method for purification of circulating 
lymphocytes was f·ound, the lymphocytes were utilized for 
isoimmunizations in an attempt to produce cytotoxic 
isoantisera. This is in contrast· to previous work in which 
antisera were }Wepared by skin aJ.lografts (24,88) or by 
injection of spleen cells· int·o allogeneic animals ( 8)" · 
/' 
In previous transplantation studies, either 
partially inbred or highly inbred colonies of rabbits 
were ut:i:11zed (8,2,5,88). The various l,ines of rabbits 
involved in this study represent a new approach to the 
~ 
study of histocompatibility genetics in the rabbit. The 
rabbit population chos.en consisted of a number of distinct 
inbrec~ strains of rabbi ts. Iniividual strains were partially 
inbred to provide a limitied amount of h~mogeneity, but 
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were distinct enough to provide for a fair amount .of 
heterogeneity between different strains. Isoimmunizations 
were performed both between and within each of the various 
rabbit lines for several reasons. First, this method 
of isoimmunization selected for the maximum number of 
alleles in the various strains. Secondly, this method 
most closely simulates the situation that is found in the 
human. population. The human population is, 4 in a manner of 
spereking, a relatively large number of partially closed 
col..onies with· occasional crossbreeding ( 27). 
Once antisera are prepared against purified 
lymphocytes, the lymphocytotoxic antisera can be tested 
against a large animal population in order to detect the 
number of positive and negative reactors. As a result 
much information can be gained with respect to the 
distribution of the antigen(s) in the population and to the 
questions of allelism and linkage in the genetic control 
of the lymphocyte antigen{s) (21). As a more practical 
... 
applicatiQh, lymphocyte typing can be used to help to 
det.erm.ine the succe.ss of an organ transplant ( J7). In 
a more experimentally orientated approach, typing data 
can be used to indicate identity or non-identity between 
two antisera. For example, the degree of similiar~ty .of 
two antisera has been determined by Cepellini ( 15) ,. 
who statis·cically analyzed typing data. Iri contrast, 
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Black ( 8 5 has analyzed serological patterns of reactivity 
and then calculated coefficients of correlation to determine 
similarity of antisera. All of the above approaches were 
utilized in this study. 
The leukocytes from J8 rabbits from a variety of 
strains were tested against seven cytotoxic antisera. All 
animals were classified as either positive or negative. 
'\ . 
reactors. The results obtained by se:Fological typing were 
used to calculate the degree of as.sociation between the 
five most potent cytotoxic antisera by Fisher's 2x2 test. 
The results suggested that many of the antisera detected 
similar antigens. One group· of antisera, (anti-2, anti-5, 
and anti-90791), reacted with a similar group of.animals 
and were shown t.o be posi t.ively correlated with one another. 
A second:. group. of a.ntisera (.anti:-4 and anti-12) reacted 
' similiarly with another distinct gr5>up of rabbits and were 
also positively correlated with one another. The lymphocyte 
alloantigen(s) identified by theseantisera have been 
"" ~ F 
temporarily designated Ly-1 ~dLy-2 respectively. In 
add'ition, a large number of animals d14 not react with 
either group of antisera indicating that there are, as yet, 
additional unidentified antigens. .3everal other cytotoxic 
antisera (anti-7 and anti-18) which were also produced 
by isoimmuriization were not studied further since they 
.. 
reacted too wc~<Iy in the cytotoxicity test to give 
·consistent results. 
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Since all histocompatibility systems so far studied 
have revealed extensive polymorphism, it becomes necessary 
to obtain monospecific or operationally monospecific 
reagents. A number of workers are currently attempting 
to produce lymphocytotoxic antisera of narrowed specificity 
\ 
by selec·tive immunization ( 89) and compatibility typing 
( 33) followed by selective adsorption. However, these 
procedures require a minimum prior knowledge of the 
histocompatibility system of the experimental animal. 
.· 
Monospecificity for an arttisera produced by an animal 
in which knowledge of ·the genetic makeup is limited, such 
as the rabbit, can be established by cross-adsorption 
studies or by showing that the s~rum reacts in a particular 
manner with a known cell panel. The ideal test.for mono-,, 
specificity is, of course, to utilize both methods. 
The .first indication of the degree of specificity 
of ~h~ cytotoxie· antisera resulted from'the serological 
typing studies (Table 5 )'. Each of the f.i ve cytotoxic 
antisera, which; •vere subsequently classified into one 
of two groups (Group I consisting of antisera anti-2, 
anti-5 and anti-90791 and Group II consisting of antisera 
anti-4 and anti"!-12), appeared to detect a. relatively 
r 
f 
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r small number Of antigenic specificities, This was.revealed 
by the faqt that cytotoxic antisera within each group 
reacted similarly with the cell panel. There are two 
possibilities to explain the produ·ction of similarly reacting 
antisera within these two groups: 1) although the antisera 
were produced independently, they may already be monospecific 
since they reacted similarly with cells from ~lmost every 
animal of the population. This is supported by the fact 
that the proibabil!ity o:tr producing antisera that detect 
the same antigens in two random immunizations increases 
as the number of antigens that can be detected by any one 
antiserum decreases,. 2'} There may be only a minimal 
number of alleles or antigens_ segrega~ing within the colony 
that can· react witha :partic~lar antiserum, thereby 
effecting a false c·orrelation, because two apparently 
independent antigens occur o:n:ly as the product of the 
same alleles. 
To distinguish between the two alternatives, 
the cytotoxic antlsera produced against the two lymphocyte 
allo~tigen groups were examined with respect to the· 
particular strains o,f rabbi ts used fot" donor··recipient 
pairs in the immunizations(Table 4). If rabbi ts from 
different strains hav-e many antigens that are not in common, 
then antisera produc~·d by injection between different 
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strains shbuld be multispecific. This would indicate the 
existence of a few alleles each presumably with many strong 
antigens. The antisera would be directed to each of the 
antigens present in the donor but ·absent in the host. 
However, if the antisera produced by isoimmunization 
between various strains are monospecific or nearly 
monospecific, then only a few strong antigens are presumed 
to be active in inducing antibody formation: 
In: the-Se s:tudies the individual cytotoxic antisera 
produced against lymphocyte antigens Ly-1 and Ly-2 were 
produced by recepient-donor pairs of diverse lines (Table 4). 
In addition, similar antisera were produced by isoimmuniza-
tion of lymphocytes into recepients from different strains. 
For example, cyto~oxic anti-2 antiserum in Group I.was 
i 
prepared by isoc.lmmunization of lymphocytes from a NZW/FG j . 
into aNZW, while anti-5 antiserum, also in Group I, was 
• ,,., .... 
prepared by isoirnmunization of lymphocytes from an ACEP 
into a: NZW/FG. Similarly,cytotoxic anti-4 antiserum of 
Group II was produced by isoimmunizatio.n of lymphoqytes 
from a C Race into a NZW, while anti-12 antiserum, also from 
~ 
Group II, was produced by isoimmunization between a NZW 
£1.nd a NZW/FG. In fact, no cytotoxic antisera were pr-oduc·ed 
when donor-recepient pairs were utilized from the same 
strain, excluding the rab"l>i t pair which produced t~'1e 
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anti-18 antiserum which was a weak cytotoxic antiserum. 
·These facts would tend to support the first hypothesis, 
that is, each cytotoxic antiserum is already monospecific 
or nearly monospecific. 
Although the serological patterns as observed in the 
typing studies tended to indicate that the cytotoxic antisera 
were monospecific or nearly monospecific, additional 
4 . 
studies were perfoFmed to further investigate the number of 
specificities for a particular antiserum. These additional 
experiments were in the, form of cross'l-adsorption studies 
utilizing the most reactive antiserum.,, anti-2. 
Cross-adsorption studies are complicated by the 
rare occurrence of cross-reacting antibodies. For example, 
in the HL-A system, cells possessing the Ba(+), HL-A2(-) 
determinants will be adsorbed b~ anti-HL-A2 antiserum 
( 84). Thus, it is possible that two distinct antibodies 
might be present in a serum and both may be adsorbed 
by either of two distinct antigens. An additional problem 
whicp exists concerning adsorption analysis is that, in 
:3ome cases, two weak anti.bodies act synergistically and 
result in a positive cytotoxic reaction (41). Adsorption 
of either one or the antibodies would result in l)SS 
of enough activity to consider the test negative. Thus, 
e. dispecific antiserum may appear monospecific. :,~or this 
reason, as well as the problem of nonspecific adsorption, 
weak cytotoxic antisera cannot be properly analyzed with ' 
adsorption methods. Due to these difficulties in cross-
adsorption studies, it was decided that only anti-2 
antiserum appeared potent enough that cross-adsorption 
analysis would be reliable. 
Anti-2 antiserum appears to be a monospecif ic 
antiserum, since adsorption with any of the cells from the 
positive panel resulted in loss of antiserum cytotoxicity. 
This conclusion is based upon the theory that the original 
immunizing donor must possess all the antigenic factors 
to which the recipient has been sens.tti~z~.d ( 4J.. Henc~e, 
any third party individual whose cells adsorb out all 
anti bodies reacti Ve with the original d.Ol').Or must also 
possess the full spectrum of factors reactive with the 
antiserum. The probability that an antiserum is 
mono"specific, there:fone, increases as'- the n:umber of cells 
included in the test panel is i;1creased. 
It is never possible t.o completely substantiate 
/ 
monospecificity by cross-adsorption studies since a number 
of irregularities can be found in a lymphocyte alloantigen 
system. For example, in the .HJ>A system, various 
specificities are found which are often highly associated. 
When Le-10 is present, Lc-11 is also present over 85 
100 
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percent of the time. Likewise, HL-Al and HL-A8 are often 
associated with one another. A limited number of adsorption 
tests may not chance upon an individual who is Lc-10(+), 
Lc-11(-) or HL-Al(+), HL-A8(-) (71). No evidence exists, 
at present, as to whether rabbit histocompatibility 
antigens are associated. As the anti-2 antiser;um is 
adsorbed with more positive reacting cells and it is 
demonstrated that these cells completely remove cytotoxic 
activity from the antiserum, then the liklihood that the 
antiserum possesses antibody activity against associated 
antigens· (ie, is· multis-pecific) will decrease. 
Analysis of data on serological typing (Tables. 5-8) 
'has revealed that at least one major locus exists. controlling 
the synthesis of ,lymphocyte alloantigens in rabbits. The 
I 
determination of lthe number of alleles controlled by the 
I 
locus is b~yond the scope of this thesis. However, a 
minimum of three major determinants has been found to be 
expressed.on the lymphocyte. This has been determined 
. . ~ by the fact that cytotoxic antisera have been produced 
against two of these alloantigen(s), designated Ly-1 and 
Ly-2. The additional alloantigen(s) are represented by 
the fact that a large segment of the population did not 
react with the antisera of either Groups I or II. This 
would.indicate the existence of a minimum of at least 
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one as yet unidentified alloantigen. The results presented 
here.cannot confirm whether the defined lymphocyte 
alloantigens are alleles but their mutual exclusiveness 
as indicated by Fisher's 2x2 analysis would indicate that 
allelism is probable. The question of all~lism for these 
alloantigens can be determined by extensive mating studies. 
If the cytotoxic antisera truely detected antigens 
cont.rolled by a single locus, which preliminary evidence 
wou.ld imticater, thert tJ!re'. locus ts probably the same locus 
as the RL-A lo.cus described by Tissot ( 88) and the RLC 
locus described by Black ( 8). Black's antisera were all 
produced:· by· inJec.-t·;i;ng spleen ael1s intp unrelated noninbred 
recipients and Tissot.produced cytotoxic antisera by skin 
grafts be.twe,en inbr.ed r~c.epie,p·t.s •. OuD results appear 
similat' t·Q those. of Black ( 8 ) wl'tQ was also able to 
distinguish two distinct groups of cytotoxic antisera. 
In addition, a large number of animals did not type wi i;h 
either of' B.lack'.s g_roups of antisera. Thus, this adds 
weight to·~ the theory tha,t all cytotoxic,. antisera detect 
antigens controlled by a single "strong-" genetic locus 
' 
in the rabbit. 
Fisher's 2x2 test was next applied to determine 
the coefficient of correlation between the five cytotoxic 
antisera (Table 6). Although correlation values betwe~n 
lOJ. 
cytotoxic antisera within a population group were highly 
.significant, nonsignif'icant correlation values were 
obtained when comparing antisera between Groups I and II. 
However, in determining the associa.tion of' antisera in this 
present context, Fisher's 2x2 tests may be misleading. 
These values are misleading when negative reactions occur 
in both the compared cytotoxic antisera, since they tend 
to increase the positive associations and to\decrease the 
signif'icance' o'f' -the negative associations ( 8 ) . This 
acc.ounts for some of the ex.:tremely high x2 values in 
Table 8 f'or positively associated antisera and the lack 
of' significance for the negatively correlated antisera. 
In these oorrelations reduced signif'icance should be 
attached to the occuran.att 0£ d-0uble negatives, especially 
where the number of allele.a at any locus is unknown. 
Analysis of the serologi~al patterns in the 
,.r· 
typing experiments indicated that the lymphocytotoxic 
antisera were not direet-edagainst a relatively large 
-number o'i' ·antigens (·Table 5.-8)', This is evidenced by the 
fact. that only two distinc .. t groups of antisera were obtained 
and these two groups of cytotoxic antisera appear to be of 
relatively high specificity. Ii' the system was composed 
of multiple antigens one would expect a large number of 
cytotoxic antisera which would be of relatively low 
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specificity. In any case, additional studies would be 
required before this hypothesis is proven since there are 
obviously other antigenic determinants that have not yet 
been detected. This is evidenced by the large number 
of animal~ whose lymphocytes did not react with the Group 
I or Group II antisera. Since the number of lymphocyte 
alloantigens appears to be limited, it is assumed that 
the random~y produced reagents in these stud1es recognize 
primarily the strong antigens. However, if our antisera 
are·· later found. to be· polyspecific, the term antigen 
would then refer tc» a frequently occurring combination 
of antigenic factors. For this reason lymphocytotoxic 
antisera that a;ppear monospecific are usually referred 
to as· operationally mcmospecific ( 93). In any case, the 
i 
highly selective
1
quality of these reagents has permitted 
the deterl\inatiorls of a relative antigenic profile of a 
,,,-
rabbit population .so that it is possible to gain a general 
impre·ns.i::on: ()f both' the number of factors involved in the 
expression o;f lympti.,ooyte alloantigens and their relative 
distF>tbution in the population. 
Medawa~ (55) has theorized that histocompatibility 
antig.~ins are distributed more or less uniformly throughout 
all tissues except erythrocyte3. To our knowledge no 
systematic and comparative sturly has been reported reg~r.ding 
' 
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the presence and distribution of histocompatibility antigens 
·within various organ systems of the rabbit. It is important, 
with respect to transplantation studies to determine the 
existence of and relative quantity of these antigens on 
various organs in representative individuals. 
No lymphocyte alloantigens could be detected on 
rabbit erythrocytes by the complement fixation test. This 
4 . 
would further substantiate Cohen's proposal (18) that the 
blood group system and Major Histocompatibility System are 
distinct. Al though it appeare.di that alloantigens were 
present in most if not all of th& tiss~es, excluding 
erythrocytes, distinct difference·s we·re observed in the 
concentration of antigens in th.e.se various Organs. The 
highest concentration o"f anttgen was·.found to exist in the 
spleen followed in descending or~er by the lymph nodes, 
lung, skin, kidney, heart, and fina~~Y liver. Fat contained 
littl~ if any lymphocyte alloantigen(s). No substantial 
diffe-rences in alloantigen ceneentration was observed 
between lYmPh node and lung and between"kidney and the 
heart.~ In contrast, if total average weight of n-0rmal 
organ~ is considered, the order then becomes skin, liver, 
lung, kidney, heart, spleen and lymph nodes. The total 
body fat could not be obtained. It should be noted th~t 
the results obtained in this S->;udy are not accurate tiE,sue 
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antigen estimations, i.e., quantitative measurements for 
. a particular organ, but are an approximate and comparative 
study of the in-toto content of antigen in a number of 
organs. 
The results obtained in the rabbit are in fairly 
good agreement with those obtained in man ( 7 ). The human 
lymphocyte alloantigen;_ HL-A2, also appears to be distributed 
in an analogous manner in the various organ~ of the human: 
a large alll'ount. i:ll the sple-en,, lung and lymph nodes, less 
in the skin and kidney, a little in heart and liver and 
practically n~ne in fat. The only variation in antigen 
distribu.tion of- any consequence between man and the 
rabbit was the increased concentration in the liver that 
J 
can ;be~ observed in:· the0• HL ... *. system. 
I 
The final section of this study entailed the 
I 
study of the relationship between the control of 
• ,~-
lymphocyte alloantigen(s) and rabbit immunoglobulin 
determinants. 'mlJ.s stud¥ was undertaken on the basis of · 
evidenc·e· that f$UCh a relationship does exist in the genetic 
contro,l of alloantigens in other species. For example, 
following ·the elucidation of the Ss.=slp gene (46) and the 
Ir-1 region (53) in the mouse, each of which maps within 
the H-2 segment, a simplifying concept has been proposed 
for the g~p.etic structure of H-2. It appears possible · 
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to map each of the H-2 antigenic specificities in one or 
the other of two closely linked genes called the H-2K and 
H-2D. Between these two genes on the chromosome are the 
Ss-Slp loci which control the presence of a serum protein 
and the Ir. region or immune response region. An analogous 
situation may exist in the rabbit and the discovery of 
an associated or linked gene(s) would greatly facilitate 
·the elucidation o:f the. genetic control of raboit 
histocompatibility an:t:i:gens. Since both transplantation 
antigens and immunoglobulin determinants may have similar 
evolutionary· origins (19,26) a likely candidate for such 
a gene; would be the loci c.ontrolling allotypic determinants. 
The. rabbit is ·an ideal animal for these studies 
since the genet:i.c ·co,ntrott Q;f rabbit immunoglobulin allotypes 
I 
has already beenytell established. In 1960, Oudin (57) 
reported t'}te presence of six anti-allotype antisera in 
rabbits. Genetic analysis indicated that the six allotypes 
are contrt>llc~ by tWG s~ie'S of three allelic genes at two 
-
unlinkea. ·1:oci,. The allelic genes of the"~ locus, designated 
1 2 J . !!__, !!__,.. and a , control the allotypic specificities al, a2 
and aJ of rabbit IgG-immunoglobulin heavy chains. The allelic 
genes of the .Q. locus.~ designated b4, b5 and ~ control the 
allotypic specificities b4, b5 and b6 o:f rabbit light chains. 
The b5 and}b6 allotypes have determinants in common, but 
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the two allotypes are distinct (43). Later, Dubiski 
_identified an allotype which was designated b9, controlled 
by the b9 gene, which was found to segregate as an allele 
at the b locus (29). Immunoglobulih light chains lacking 
the b locus specificity were found to have allotypic 
specificities c7 and/or c21 of the£. locus (91). The 
£. locus is not linked to the ~or b loci, nor to the sex 
chromosome ( J2}. Antisera against each of tlte above 
described immun0globu.lin adlotypes were· used in this 
study. 
The relationship between the immunoglobulin and 
lymphocyte all"'Oan°t'igens:,was. firs-:t-. studi:ed· by comparison 
of the reactivity of the lymphocytotoxic antisera and 
anti-immunoglobulii"l·; an1ii:sera· in i·mmunoei:.:ff".Usion and 
c:=ytotoxici ty tests·. In agar gel e~periments, anti-
immunoglobulin antisera formed a preeipitin band while 
lympbocytotoxic antisera failed to forma precipitin band 
when teste.d. aga.ins.t normal.. sera frQDl, animals possessing 
both determinants. This would· t~nd ·to ·indicate that the two 
alloty~ic antisera are not detecting the· same antigens. 
It shoulld be kept in mind, however, i;hat the anti-lymphocyte 
antibodies could be present in a quantity insµfficient 
to produce a. definite precipi tin band. 
In the cytotoxici ty ·tests, <•nly the lymphocytotoxic 
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antisera resulted in cell death when tested against cells 
from animals possessing both the immunoglobulin and lympho-
cyte alloantigen determinants. Anti-immunoglobulin antisera 
produced no cytotoxic reaction. Again, this would indi-
cate that anti-immunoglobulin antisera and lymphocytotoxic 
antisera are detecting different antigens. 
Some rabbit peripheral lymphocytes have, in fact, 
\ been shown toj possess immunoglobulin allotypic determinants 
presumably on immunoglobulin molecules associated with the 
cell membrane ( 75). :Moreover, these, same lymphocytes 
could presumably.react with anti-lymphocyte antisera in a 
cytotoxic reaction (66). From our studies, however, it 
appears that the two phenomena are not related. 
The resu·l'tis ob:tain'ed :frGm serolog'.i.caI typing of 
the rabbit population for -both- lymphocyte and immunoglob-
ulin allotypes indicated the existence of a po~sible rela-
- .--
tionship between the b5 allotypic determinant on rabbit 
immunoglohu.lin li:-g!tt e'hains: :and. the Ly-1 lymphocyte allo-
antigen.( s). This was eVid~nced by the" fact that all 
'animals possessing the b:5 d-eterminant also possessed the 
Ly-1 lymphocyte alloantigen(s). However, the reverse 
reaction did not hold; all animals possessing the Ly-1 
alloantig'en( s) did not possess the bS determinant. These 
results are only preliminary and in no way indicate an 
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absolute genetic association between the various immuno-
. globulin and lymphocyte allotypic determinants. However, 
if found to be true, the results could be explained by 
a previous genetic cross-over event involving the Ly-1 
alloantigen(s) followed by segregation. This would 
indicate that only b5 animals at one time possessed the 
Ly-1 alloantigen(s) and at some period during the evolution-
~ 
ary process, rabbits possessing b-light chain determinants 
other than the b.5 determinant captured the Ly-1 lymphocyte 
alloantigen(s). 
Further· studtes coui&' nt>W 'be urrd$t'taken to 
determine the possi.bility that rabbit lymphocyte alloantigens 
are associated with a particular rabbit strain. ·For example, 
10 of 16 animals that possessed the Ly-1 alloantigen(s) 
in the population are from the NZW/FG strain. In addition, 
two of the three orig,inal immunizing- donors use·d in the 
production,. of antis.era. against the Ly-1 alloantigen( s) 
are of th~ NZW/FG strain.· The third immunizing donor was 
; 
an ACEP. In contrast, t.he seven rabbits in the popu~ation 
that possessed the Ly-2 alloantigen(s) were all from the 
NZW strain. The two original immunizing donors used to 
produce antisera against the Ly-2 alloantigen(s) were from 
the NZW and C race strains. In the large group of rabbits 
that did not possess either lymphocyte alloantigen, the vast 
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majority (11 of 15) were of the NZW race while two were 
ACEP and one each were from the C race and NZW/FG strains. 
It must be taken into consideration in these studies that 
the various strains are only partially inbred (less than 
15 cross matings). Thus a relative amount of heterogeneity 
still remains in each population. This woulti explain the 
relative inconsistencies that can be noted ~hen trying. 
\ . 
to associate an alloantigen group with a particular strain 
of rabbit.. It would also explain the instances in which 
animals react with some antisera from both groups, in which 
case they would reflect a heterozygous animal. In any 
case, additional serological studies would be required 
to elucidate this point. 
In summary, by understanding the genetic control 
of the lymphocyte alloantigen locus and its corresponding 
alloantigens in the rabbit, it should be possible to use ·. 
this system as a model in understanding the histocompatibility 
loci and its corresponding alloantigens in man. The rabbit 
~ 
has now been shown to possess a lymphocyt.e alloantigen system 
that i's apparently similar in complexity to that found in 
the human uystem but should be easier to study. In addition, 
the concentration and relative distribution of the lymphocyte 
alloantigens in various organs of I'abbit and man appear 
similar. '..'he rabbit is a laboratory animal which is easy 
112 
to work with'and the genetic control of a number of other 
.allotypic systems in rabbit has already been well documented. 
Furthermore, the rabbit is a large enough animal to be used 
for organ transplant studies. Thus, it seems reasonable 
that the rabbit could be used in the future as a model 
system for man. 
! 
• 
; 
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S UivIIvlAR Y 
A method is described for the isolation and 
purification of rabbit lymphocytes.. The isolation technique 
did not specifically select for bone marrow-derived or 
thymus-derived lymphocytes as indicated by the fluorescent 
labeled anti-IgG immunoglobulin technique. 
Isoantisera prepared by deliberate immunization 
with allogeneic lymphocytes were used to determine the 
phenotypic profile of the defined lymphocyte alloantigen{s) 
in )8 rabbits. The existence of at least one major lymph-
ocyte alloan~igen loot.($_ wli.ipb co,rrJ;:r,Pl.l.e.d. at, least· three 
a;ntigenic determinants_ is suggested. 
Since l.ymphocytatoxic antisera are .. often mul tispec-
ific, two methods were util_ized to det.ermine the degree of 
specificity o-f the most potent isoantisera produced. These 
methods included serological typing agaitist a large population 
of animals anti cross·-adsorption stud'ie·s. The cytotoxic 
antisera. ±.n question were found· t·o- be monospec·ific·· or 
,, 
near]jy monospecific. 
The relative distrfbution o:f one of the alloantigens 
{Ly.-1) was determined i11 various organ homogenates. The 
highest concentration in mg wet weight of antigen was found 
in the spleen :followed in descending order by the lymph 
·. nodes, lung, skb1, kidney, heart and li ve.r. Rbc and fat 
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homogenates contain little, if any, antigen. In addition, 
typing studies suggested a possible relationship in the 
genetic control of antigenic determinants on immunoglobulin 
molecules and lymphocyte alloantigens. However, attempts 
to demonstrate identity between anti-allotype antisera 
and anti-lymphocyte antisera by Ouchterlony tests and ·: . .,, 
cytotoxicity tests were not successful. 
' . 
~ l 
... 
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